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E2 Envimnmonlol Entrepreneurs 

Executive Summary 

This report catalogs the growth and challenges of the advanced biofuel industry and provides updates on developments 
since the publication of last year's report in 2012. The scope of this work includes active advanced biofuel projects in 
the United States and Canada. Each project included in this report achieves at least a 50% reduction in carbon intensity 
relative to a petroleum baseline, using the direct and indirect effects as measured by the California Air Resources Board. 

E2 developed a low-end and high-end methodology to estimate future capacities. For low-end estimates, our figures 
include facilities that have demonstrated progress towards production. For high-end estimates, we examined all active 
companies we could identify, but discounted some capacity projections. We also used Clean tech Group's industry il'l 
vestment data. as well as input from companies, to understand the probability of completion and develop estimates of 
investment in the industry. 

For these fuel capacities to be achieved, each project would need to be completed on the schedule we have projected. 
Comparisons of our reports over the last three years show that some projects are complete on schedule, some projects 
are deferred, others are canceled due to market conditions, and some that we did not identify are successful. 

Key Figures 
• Capacity for 2013 is 1.0 billion gallons gasoline equivalent 
• Capacity for 2015 is between 1.4 and 1.6 billion gallons gasoline equivalent. This equates to 0.7% of total U.S. 

transportation fuel use. 

• 160 commercial scale facilities planned, under construction, or complete from 159 companies 
• 13 demonstration facilities in existence 
• Private investment in the advanced biofuel industry totals over $4.85 billion since 2007 
• Public grants exceed $600 million since 2008. Currently 20 biorefinery projects are public grantees. 
• Federal loan guarantees exceed $940 million since 2008. Nine of the current biorefinery projects have received 

these loan guarantees. 

After completing our analysis, a number of trends emerged. The capacity projections are sufficient to meet the federal 
Renewable Fuel Standard (RFS) and California's Low Carbon Fuel Standard (LCFS) targets through 2016, given the 
other fuels and technologies that can be used in each program. Capacity in the industry continues to grow, and biodte­
sel remains the dominant advanced biofuel today and through 2016. Drop-in renewable hydrocarbons. which may be 
blended directly into standard gasoline, diesel, or jet fuel, show significant progress and we expect them to contribute 
more substantially to overall advanced biofuel capacity over t ime. Industry growth Is driven primarily by federal and 
state policies, specifically the RFS and the LCFS. The substantial public investment in the advanced biofuel industry 
comes primarily from the Department of Agriculture, the Department of Energy, and the Department of Defense. 

Regulatory certainty. including the continued existence of renewable fuel policies. the permitting of pathways. non­
compliance fees paid by oil and gas companies, and agency reaction to market conditions, remains unstable and is a 
barrier to commercialization for many projects. Capital and operating expenses also continue to be a significant chaf­
lenge for many advanced biofuel developers. While some companies are retrofitting existing refineries for biofuel pro­
duction, others will need to construct new facilities, which requires substantial investment. 

Looking towards 2016, there is real potential for advanced bio­
fuels to scale up. Today, numerous facilities are on track to­
wards commercialization, and the industry is moving steadily 
forward. New investments and regulatory certainty will help e~ 
sure the successful commercialization of these projects. 

Advanced BtofuP.I Market Report 201 3 

INEOSBio's 
commercial-scale facil· 

tty convertmg muniCI­
pal solid waste into 
ethanol in Vero Beach, 

FL. Began operations 
in 2013. Photo cour­

tesy of INEOS Bio. 
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I. Glossary of Terms 

advanced biofuel Liquid fuels made from non-petroleum ethanol Alcohol that can be blended into gasoline. 
sources that achieve a 50% reduction in In U.S .• blended at 10% to enhance oc-
carbon intensity compared to a petroleum lane levels. This report focuses on cellu-
fuel baseline according to the California Air losic ethanoL 
Resources Board. 

biodiesel Fatty acid methyl ester fuel. derived from ethanol equivalent Uquid fuel measured from an ethanol en-
vegetable oils, animal fats, or other waste ergy content basis. Ethanol has two-thirds 
oils. Can be used in place of diesel and is the energy content of gasoline. RFS uses 
commercially available. In this report, ethanol equivalencies. 
considered advanced only if made with 
non-virgin oils. 

butanol Energy dense alcohol formed through feedstock An input that is processed or otherwise 
fermentation of biomass. May be blended converted to biofuel. In this report. most 
into gasoline at higher percentages than feedstocks are biomass-based. 
ethanol. 

carbon intensity An indicator of the emissions associated gasification Frequently-used process to heat biomass 
with a particular fuel pathway. Measured In for conversion into liquid fuels. Can be 
grams of carbon diox1de equivalent (C02 e) used to produce a variety of fuel types. 
per megajoule. 

cellulose Non-food based form of biomass. gasoline gallon The amount of alternative fuel equivalent to 
equivalent (gge) one liquid gallon of gasoline. Volumes are 

often measured in gge for straightforward 
comparisons across fuels. 

commercial facility Operated with the intention of selling the hydrocarbon Chemical compound made of carbon and 
product at a profit. Product is readily avail- hydrogen. Found in petroleum products. 
able and facility is operated continuously. 

conventional blofuel Also called first-generation biofuel. jet fuel A liquid hydrocarbon suitable for use in 
Encompasses starch-based ethanol and airplanes. Refined from biocrude and re-
virgin-oil-based biodiesel. Reduces carbon newabfe feedstocks. 
intensity by 5-30% from a gasoline 
baseline. Feedstocks used for conventional 
biofuels, like com, wheat, sugar. soybean 
and palm oil. often displace agricultural 
production. 

crude oil Petroleum before it is processed and relined pilot facility Smaller tab-based facility, designed for 
into fuel and other derivatives. Known as research purposes. 
biocrude when processed from biomass. 
which may be refined into renewable (or 
drop-in) gasoline. diesel, or jet fuel. 

demonstration facility Facility used to demonstrate technology pyrolysis Thermochemical process similar to gasifi-
and full commercial process at a small cation, but performed in the absence of 
scale. May not be operated continuously or oxygen. Used to produce a variety of fuels. 
at a profit. Includes catalytic crack1ng of carbon 

bonds. 

dimethyl ether (OM E) Similar to propane. May be blended into renewable diesel Also called advanced diesel. Made by hy-
diesel to boost butane levels. droprocessing of vegetable oils, algal oils, 

or animal fats. As a liquid hydrocarbon, 
has very similar properties to petroleum 
d1eset. Functions as a "drop-inn fuel. 

drop-in fuel Renewable hydrocarbons that can be renewable gasoline Also called advanced gasoline. May be 
refined Into gasoline. diesel, or jet fuel. Can refined from a gasification or pyrolysis 
be used in existing vehicles and pipelines process. Is chemically similar to petroleum 
with no modifications to vehicle technology gasoline. Functions as a "drop-in" fuel. 
or infrastructure. 

enzymatic hydrolysis Biochemical process to convert cellulose to ransesterification Process used to produce biodiesel from 
(EH) sugar with enzymes. Used to produce etha- fats, oils. or greases. 

no!. 
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II. Introduction 
This is E2's third annual market report, which seeks to 
catalog the growth and challenges of advanced biofuels. 
Advanced b1ofuels present an opportunity to replace pe­
troleum fuels with domestic and renewable fuel products, 
and are just becom1ng commercially available in the 
United States. However, the industry still faces chal­
lenges to reach significant market penetration. 

Our purpose is to document advanced biofuel activities 
so that policymakers have additional infonnation to un­
derstand the ab1hty of the market to meet (or exceed) 
state and federal fuel standards, like the Renewable Fuel 
Standard (RFS) and California's Low Carbon Fuel Stan­
dard (LCFS}. We also survey the challenges of rapid 
growth that the industry faces. 

Scope of report 

Advanced biofuels are those fuels that have less than 
hall the carbon intensity of fossil fuels and minimize their 
impact on food production. As shown In Table 1, E2 
tracks advanced blofuels that achieve this threshold ac­
cording to the California Air Resources Board (ARB), 
which assesses a broad scope of direct and indirect ef­
fects. There are a number of fuel pathways that the Envi­
ronmental Protection Agency (EPA) has not yet approved 
that E2 considers advanced. There are also a few fuel 
pathways that EPA considers advanced that do not meet 
E2's criteria. Fuel pathways marked as "E2 Advanced 
Biofuel" are the only ones considered in this report, un­
less otherwise noted. While some advanced biofuel will 

E2 Advanced EPA Approved 

Fuel/Pathway Typo Biotuel Advanced Biofuel 

corn ethanol or butanol 

sugarcane ethanol .f 

blod1esel lnon-vug1n o iO .f .f 

biodiesel (virgin oil) .f 

cellulosic ethanol .f .f 

cellulosic but.tnol .f 

drop-ins from non· food 
sources .f .f 

new technologoes owaoting 
EPA approval (e.g. algae, .f 
planted trees) 

~ 

Table 1. The scooeol E2's reporr versus types oflue/s EPA 
has approved as advanced 

I 

be imported, we consider only domestic capacity in our 
estimates. 

This report assesses only active advanced b iofuel pro­
jects. We do not 1nclude projects that have been can­
celed or otherw1se deferred. This IS particularly important 
when comparing reports across years, since projects 
mcluded in one year may be removed the next 

Virent 's demonstratiOn­
scale tac;r.ry m MadiSon, 
Wiscons•n. Virent is testing 
a vanety of feedstocks for 

convers•on ro rCYlewabte 

gasoline, diesel. and jet 
fuel. Photo credit Virent. 

Main findings and conclusions 

Many advanced biofuel technologies have been proven 
at a demonstration level. Companies now must access 
significant capital to build commercial scale biorefineries 
and improve the economics of their production proc­
esses. 

U.S. and Canadian production capacity expanded again 
this year. from 490 million gallons (gge) in 201210 one 
billion gallons. We identified 1 59 companies active in the 
production of advanced biofuels. as well as 93 compa­
nies providing products and services to the supply chain. 

Regulatory certainty significantly affects access to suffi ­
cient capital, as noted in previous market reports. Regu­
lations control the permitting of new pathways, non­
compliance fees, and mandated volumes of various fuel 
types. The instability surrounding renewable fuel policies, 
including uncertainty about whether they will continue, 
remains an industry challenge. As some companies p lan 
and build commercial plants, permitting and commis­
sioning challenges have delayed plans for full production . 
The RFS and LCFS are discussed in more detail in sec­

tion V. 

A number of new strateg1es have emerged to ease the 
need for new cap11a1 as 1nd1V1dua1 compan1es find unique 
approaches to overcoming the challenges of biotuel de­
velopment. Some companies have secured investments 
from large oil companies. Others are converting idled 
petroleum refineries, which significantly reduces the fi· 
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nancial requirements for developing capacity. Strategic 
partnerships or co-locating wrth feedstock producers 
have helped to solidify the supply chain and bring stabil­
ity to commercialization plans. 

Despite continued regulatory and financial challenges, 
the advanced biofuel industry has emerged with new 
production and announcements of major new projects 
not counted in previous proJections. We believe the U.S. 
and California policy goals are technically achievable, but 
we are concerned about the availability of sufficient capi­
tal investment for scaling up. Even considering these 
barriers, evidence over the last three years demonstrates 
steady improvement. 

111. Advanced Biofuel Industry Overview 
This report examines liquid transportation fuels that re­
duce greenhouse gas emissrons by 50% or more on a 
lifecycle basis according to ARB. 

Methodology 

E2 assessed all companies we could identify that are 
currently working to produce advanced biofuels in the 
United States and Canada. We captured data on invest­
ment, technology, feedstocks, and commercialization 
plans. We examined all active companies, including fi­
nancing status and project milestones, and discounted 
some capacity projections to arrive at our high-end as­
sessment of capacity. 

To develop our low-end production capacity numbers, 
we include projections only from those facility plans that 
have demonstrated progress toward completion. These 
projects have significant disclosed details such as fi­
nancing, location, feedstock partnerships, permitting, 
and more. 

Adv-<lnced R o'uel Market Ren 1 2013 

KiOR's commerc1al· 
scale fadliry pro 
duces drop-m 
gasoline and diesel 
m Columbus. MS. 
Began operatmg m 
2013. Photo credit 
Ken Childress Pho· 
tography for KiOR. 

Active Companies 
There are 159 companies working to produce advanced 
biofuelln the U.S. and Canada. This number remains 
nearly constant from 2011 and 2012. Some companies 
have shifted to fuel production from fossil-based natural 
gas, and a few others have otherwise left the biofuel 
market (and are therefore outside the scope of our 
study). Most companies, however, continue to assess 
ways to enter the advanced biofuel maf1(et and scale up 
production, although they may pursue other revenue 
streams for short-term growth. 

These 159 companies have at least 160 commercial 
scale projects completed. under construction, or in ad­
vanced planning stages. 138 of these facilit ies are com­
plete. The majority can produce biodiesel from multiple 
feedstocks; five completed commercial facilities produce 
ethanol and drop-in fuels. There are 13 demonstration 
facilities in the U.S. and Canada. 

In addrtion to the companres and projects we have iden­
trfied that are specifically dedicated to developing 
second-generation biofuels from renewable feedstocks, 
we expect technological progress in the first-generation 
brofuel sector will allow some companies to surpass the 
50% reduction threshold and qualify as advanced. Corn 
ethanol producers such as Pacific Ethanol and Aemetis 
are exploring methods to reduce the carbon intensity of 
their process. Other companies, like Gevo. are exploring 
cellulosic production technrques for butanol. We expect 
that some of these projects will ultimately achieve ad­
vanced status, and may contribute significantly to future 
capacity estimates. They are not, however, included in 
our current estimates. 

In addition to advanced biofuel production, 93 compa­
nies are providing the feedstocks. catalysts, enzymes 
and technology services to support advanced biofuel 
production. These companies as tracked by E2 are listed 
in Appendices E-G. 

No significant mergers or acquisrtions occurred in the 
past year for fuel producers, but dozens of partnerships 
resulted in increased capital and knowledge flow. It is 
likely there will be greater market consolidation in the 
coming years. A complete list of all active companies is 
available in Appendices B and C. 

G 
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#Companies 2013 Capacity 2014 Capacity 2015 Capacity 2016 Capacity 

LOW HIGH LOW HIGH LOW HIG H LOW HIGH LOW HIGH 

Biodiesel 116 134 718.0 753.8 747.0 784.4 829.5 871.0 954.0 1,001.7 

Drop-ins 16 33 229.0 229.7 320.6 321.4 362.3 528.7 4 17.3 622.6 

Ethanol 26 28 12.1 12.2 118 .. 2 118.3 162.8 224.9 207.8 531.8 

Other (DME, 
Butanol) 1 3 1.6 1.7 1.6 20.0 20.0 60.0 20.0 140.0 

TOTAL (volume) 159 198 960.7 997.4 1,187.4 1,244.0 1,394.7 1,684.6 1,599.2 2,296.1 D 
TOTAL (gge) 1,021.8 1,058.3 1,227.7 1,276.9 1,425.2 1,688.9 1,625.6 2,186.5 

~ -:: 

Table 2: E2's advanced biofuel cspactry projectiOns from 2013-2016. 

2013 Fuel Capacity 

This year advanced biofuel production capacity was at 
1.0 billion gallons of gasoline equivalent, as summarized 

in Table 2. Within the 1.0 billion gallons, we show biodie­
sel production, and not capacity. Full biodiesel capacity 
is much higher, at about 2.1 billion gallons per year 
(Appendix C). Total biodiesel production is about 1 .6 bi~ 
lion gallons this year and comprises the vast majority of 

advanced biofuel in the country by EPA standards. Of 
this total, the non-virgin oil biodiesel production that E2 
tracks is at 7 18 million gallons (volumetric). At a distant 
second, capacity for drop-in fuels has jumped substan­
tially. We expect 229 million gallons of renewable d iesel 

and gasoline capacity to be online by end of the year. 
includ ing recent startup at K.iOR and Diamond Green's 
new facilities. These fuels have fewer blend or pipeline 
restrictions than ethanol or biodiesel. 

Cellulosic ethanol progress continues to be slow but 
steady. The INEOS plant in Florida began production in 
July, after a few months of mechanical delays. We expect 

Cnmson Rene.. ... able En­
ergy. LP - Bakersfteld 
Biodresel and Glycerm 
Planl. Photo courtesy of 
Crimson Renewable. 

subsequent cellulosic ethanol plants to require similar 
commissioning periods before startup. Although not 
tracked here, Beta Renewables' 20 million gallon cellu­
losic ethanol facility in Italy began production in June of 

2013. Other plants that were originally scheduled for 
completion this year have been delayed until 2014 or 
201 5. 

2015 Fuel Capacity 

Our analysis shows that the advanced biofuel industry 
will have between 1.4 - 1 .6 billion gge of capacity by 
2015. 

Since our first report in 2011. we have been tracking 
2015 closely. as this is the first year in which RFS and 
LCFS targets start to ramp up more aggressively, and 
advanced biofuel production may reach a point of 
inflection.' As reference, U.S. Energy Information Admin­
istration projects 214 billion gallons of total transporta­
tion fuel use in 2015,2 so this would represent approxi­
mately a 0.7% replacement. Further, 2015 may be the 
first year with sufficient advanced biofuel production to 
allow an accurate assessment of the eventual success of 
the two programs. Last year E2 projected 2015 capacity 

at 1.6 - 2.6 billion gallons. Our updated number is just 
below last year's estimate, primarily due to the delay of 
some projects and cessation of others. Still, our lowered 
estimate could provide adequate fuel to meet u.s. fuel 
standards, as discussed on page nine. 

1 Some define significant as replacing one percent or U.S. fuel demand with advanced b1oluel. We will consider market penetration significant when 
risk capital falls and allows greater capital investment- which will likely be alter the first set of b1orefinenes are in product on. 

2 Energy lnlormat1on Admm1strat1on. Transportahon Sector Key lnd1cators. On6ne at: <http://www.elll.gov/aoalyslslproJectlon-data.cfm4annualpro!> 
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2016 Fuel Capacity 

2011 2012 2013 2014 2015 2016 

Actual Projoctod (Low-End) 

We assessed 2016 for the first time, as these for­

ward proJections are now tangible enough to meas­

ure. We counted between 1.6 and 2.1 billion gallons 
of capacity (gge) scheduled to be built by 201 6 . The 
biggest spread In this projection is between the low 
and high numbers for cellulosic ethanol. Convening 

cellulose to any fuel type remains a challenge. We 

are tracking 14 cellulosic ethanol plants, of which 

810drese1 350.0 369.9 718.0 747.0 829.5 954.0 

Drop-1ns 75 2 88.5 229.0 320.6 382.4 417.4 

Ethanol 1.0 3.8 12.1 118.2 162.8 207.8 

Other 1 0 1.6 1.6 1.6 20.0 20.0 

11 are new construction. After the successful 
launch of this crop of facilities, we anticipate less TOTAL (volume) 427.2 463.8 960.7 1,187.4 1,394.7 1,599.2 

new construction, and instead the retrofrl of existing 

com ethanol facilities to accept cellulosrc feedstocks. 

Companies like Sweetwater and Edeniq are providing 
low-capital ways to add capabi lity at existing ethanol 
refineries to utilize cellulosic feedstocks like corn stover. 

Also, POET's Project LIBERTY will be a bolt-on facility to 
allow cellulose processing at its corn facilities. 

Tablo 3: Actual domestiC ac.,anccd biofucl cc{J()c•tyln 2011 and 2012. and 

£2's low-end prOJeCtions for capac•ry lhrough 2016. 

Aside from the existing 133 biodiesel facilitres, last year 
we reported 27 commercial facilities and eight demon­
stration projects that were likely to come online by 2015. 

There are still 27 facilities of interest, but a few of the 

previous projects have dropped, and 3 few new projects 

were announced. Our low-end list tracks the current 27 

commercial and 13 demonstration projects slated for 
completion by 2016. This complete list Is available in Ap­
pendix A. 

2020 Potential 

Considering the growth trends in Table 3 between 2011 

and 2016. we expect the fastest growth to occur in drop­
rn fuels. given their expected volumes 1n 2016 versus 
cellulosic ethanol. Part of this growth can be attributed to 

the petroleum industry's preference for drop-ins versus 
ethanol, since drop-in products are more aligned with 
petroleum refinement. However, oil companies and the 
blofuels industry have had a tense relationship over the 

past decade. 3 Oil companies could become major inves­

tors in advanced biofuel, but cultural shifts and reduc­
tions in biofuel production costs must occur. As global 
policy moves towards assigning costs to carbon emis­
sions, the oil industry might have more interest in invest­
ing in advanced biofuel production. The greater the cost 

of carbon emissions, the more appealing advanced bio­

fuels will be. Until these cultural changes occur. political 
skirmishes and regulatory uncertainty will continue. 

Blodiesel w ill continue to be the dominant advanced bio­
fuel through this decade, but by 2020 there will be in­

creasing market share from low-carbon corn ethanol fa­

cility convers1on or drop-in fuels. 

After completion, the first new b1orefineries can be as­

sessed for both their emissions performances as well as 
local economic contributions. By 2020 this Will help 

streamline permitting processes in some areas, espe­
cially if air quality concerns are alleviated. 

Although there are not any announced plans for cellu­

losic butanol production in the coming years, this could 

be an attractive alternative for some companies explor­
Ing the alcohol-as- fuel market, as butanol may be 
blended with gasoline up to 16% without modification to 
vehicles. 

Edemq's Cellunator 

m ill produces sugar 

from plant materrals 

Photo credtl Edema. 

3 Bloomberg New Energy Finance, "81g 011 and 81ofuols: Best Frenemies Forovor?" July 11. 2013 Research Note. 
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2012 2013 2014 2015 2016 

E2 Numbers· 

Cellulosic biofuol 25 33 148 488 653 
Biomass based dtosol 
(non-virgin oil) 675 1.475 1,657 1.787 2 ,031 

Other Advanced 3 4 34 186 681 

Addtrtona/ volumes from other sources (outstde E2 scope): 

Cellulosic biofuel 0 23 23 93 93 
Btomass based diesel 
(virg in Oil) 916 1,413 1,580 1,906 2.169 
Other (blogas, waste sugar, 
more) 51 52 53 54 56 
Imports 722 736 751 766 781 

Tot~l Advanced Capacity 2.,391 3,736 4,245 5,278 6 ,463 

RFS Advanced Mandate 2,000 2,750 3.750 5,500 7,250 

Cumulative Excess RINs 391 1,378 1,873 1 ,651 864 -Table 4: E2 capacily numbers in relation to RFS mandate, m etha· 
no/ equ.valencres. Non·E2 sources include 2012 RFS emissions 
uading sys1em data plus growth projecuons from fndtviaua/ com­
panres, and National Bio<Jiesel Board. 

Meeting U.S. Fuel Standards 
Advanced biofuel production is key to compliance with 
two Important policies: the federal Renewable Fuel Stan­
dard (RFS) and California's Low Carbon Fuel Standard 
(LCFS). RFS is a volumetric mandate that requires spe­

cific levels of a variety of renewable fuels each year and 
includes an advanced biofuels mandate. The LCFS is a 
periormance standard that requires a gradual reduction 
In the carbon intensity o f California's fuel mix between 
2011 and 2020. We use our domestic capacity projec­

tions to assess the industry's potential to meet these 
standards and discuss the policies themselves in section 
V. For both standards, it ls possible there will be addi­
tional capacity beyond projects tracked by E2. 

ZeaChem's 

demonstration-scale 

facll1ty In Boardman, 

OR. processing 

wood chips for con­
vef'Sion to ethanol. 
Phococrec:kt 
ZeaChem Inc. 

r 

RFS 

Adding E2's capacity numbers to other projections, we 
estimate that RFS is technically achievable through our 
2016 projections. This is detailed in Table 4. Of course, 
since E2 tracks capacity only, actual production volumes 

and generation of Renewable Identification Number (RIN) 
credits may fall short of the mandates. In order to oper­
ate at full capacity, operating expenses, which depend 
primarily on feedstock prices, must remain low. 

A refiner that has credits above the mandated level may 
carry them over into the next year. This eases compli­
ance in future years. 

Meeting 2020 mandates could prove difficult on the spe­

cific timellne currently in the RFS rule, but EPA retains the 
authority to modify the program and adjust to market 
realities. 

LCFS 

The LCFS is technology-neutral, and may be met through 
a variety of alternative fuels, including natural gas, elec­

tricity, and biofuels. After considering contributions by 
electric vehicles and natural gas, ICF International re­
cently identified a need for 1.6 bill ion gallons of biofuel in 
2016,4 which may be met with a combination of the ad­
vanced biofuel tracked here, corn ethanol, soybean 

biodiesel, and imports of renewable diesel. Of the 1.6 -
2.1 billion gallons of nationwide capacity that E2 counts 
for 2016, ICF estimates that delivering 340 million gallons 
of advanced biofuel to California is sufficient to generate 
these excess credits and for the LCFS to succeed. ICF 
estimates that 1 billion gallons of advanced biofuels will 
be required 10 comply with the 2020 requirement. 

California will not use all1 .6 - 2.1 billion gallons of ad­
vanced biofuel that could be produced nationwide in 

2016 for a variety of reasons. including infrastructure, 
demand in other markets, or costs of delivery. Our esti­
mates indicate that the consumption of a combination of 
conventional biofuel (including soybean biodiesel and 
com ethanol - bolstered by producers seeking to lower 

their carbon intensity through technology improvements) 
and imports of low carbon biofuel could generate excess 
credits in the LCFS market through 2016. 

4 ICF International. "Calllomla's Lew Cartlon Fuel Standard: Compliance Outlook for 2010." 2013. Scenarios 1 and 2. 
<h ltp://www.caletc.com/wp-contenVdownloads/LCFSReportJune.pdt:> 
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Operating costs 

In addition to intensive capital costs for facility construc­
tion, a critical step on the path to commercialization for 

advanced biofuels is achieving low and competitive op­
erating costs. 

Operating costs include feedstock costs and are related 
to productivity per unit of feedstock. The importance of 
feedstock costs was shown by the effects of the summer 
2012 drought. Because the drought made com prices 

too high for operating margins, some corn ethanol facili­
ties were idled in spring 2013.5 Novozymes, an enzyme 

developer, reports that the costs of cellulosic ethanol 
production per gallon have decreased approximately 
50% since 2007, from $4-$8 to $2-$3.50, in part because 

of advances in enzyme and catalyst technology.6 Bloom­
berg New Energy Finance reports an eight percent in­

crease in yields for cellulosic ethanol from 2008-2012, 

and expects this trend to continue? 

These figures vary from company to company, and 

across fuel type. Joule Technologies reported operating 

Sdazyme's integrated biorefinery in Peoria, IL has 
produced renewable olfs since June 2012. Pho/o 
credit $olazyme, Inc. 

costs of $1/gallon to produce cellulosic ethanol or re­
newable diesel.a A 2012 University of Illinois study esti­
mated operating costs as ranging from $0.52 -
$4.02/gallon, depending on plant size, conversion proc­

ess, and feedstock type.9 Algae producers face relative ly 
low capital costs but continue to research methods to 
loweroperating costs. 

While many companies st ill face higher operating costs, 

the overall trend is moving downward. Bloomberg est i­
mates the minimum price at which cellulosic ethanol 

could be sold profitably as $3.65/gallon and declin ing to 
$2.54/gallon by 2016.10 Some companies are within 

reach of these figures. 

Jobs 

Currently, advanced biofuel companies are self-reporting 

apprO!cimately 4.500 direct , full- time jobs in the United 

States. Companies expect this number will grow to about 

8,000 employees with 2016 production and expansion 
plans. This number does not incorporate jobs within the 

supply chain. Jobs derived from the feedstock produc­
tion portion of the supply chain are generally considered 
the largest employment driver in biofuel production. 

Feedstock production alone could employ 1 2.300 people 
by 2016. totaling 20,300 direct jobs by 2016. Construc­

tion of new facilities could create an additional 33,000 
temporary jobs. 11 Our job figures also do not consider 
the significant research personnel at academic institu­

tions across the country and additional value chain­
related companies. 

5 The Gazette, "Corn Shortage Continues to Idle Ethanol Plants"'. February 11 , 2013. 
<http:t/thegazette.corn/2013/02/11/corn-snortage-cornlnues·to·ldle-etl1anot·plants/> 

6 Nielsen. Peder Holk. "The Path to Commercialization of Cellulosic Ethanol- A Bnghter FU!ure. • PowerPo1nt Presentation. Conference Call. February 
22. 2012. <11llo:ftwww.novozymes.com/enfrnvestor/events-presentauons!Documenls/Celllc3 conf can 220212.odf>. 

7 Bloomberg New Energy Finance. "Cellulosic Ethanol Costs: Surveyrng an Industry.· March 18, 2013. 
<1111 p:l /ab0t..1. one f. comrpress-reteasestcelluloslc-etl1anol·neads-for ·cost-com pet rtrveness-by-201 61> 

8 Advanced Biofuel Leadership Conference 2013 presentation by Joule CEO Bill Sims. 

9 Yudken. Joel S. "The Economic Benefits of Military Biofuels." Prepared for E2 November 2012. Analysis of Chen. Xiaoguang. Madhu Khanna, and 
Sonia Yell "Stimulating Learning-by-Doing on Advanced Biofuels: Effectiveness of Aherr1ative Policies:· 2012. 
<I111P:/Ntww.e2.org!extldoc/HRS-E2MIIIaryBrotuetsReporNov2012.pdf> 

10 Bloomberg New Energy Finance. "Cellulosrc Ethanol Costs: Surveyrng an Industry. • March t8, 2013 
<Ill t p:/ /about.bnef comJoress-releasestceNuiOS!c·ethanol-heads-for-cost·competrtr~eness-by-20 161> 

11 Yudken. Joel S. "The Economic Benefits of Military Biofuels." Prepared for E2 November 2012. 
<htlp:F/www.e2.org/extldoc/HRS-E2MrltarvBiofuelsReporNov2012.pdf> 
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Internat ional markets 

Global advanced bioluel development and production 

continues at a strong pace. Several European companies 

are producing cellulosic ethanol and renewable jet fuel at 

commercial scale. In Brazil, conventional sugarcane 

ethanol production continues to expand, both for domes­

lie consumption and global export. ' 1 Producers are also 

working towards reducing the fuel's carbon intensity. In 

2012, Brazil exported 540 million gallons of sugarcane 

ethanol to the United States, which continues the in­

creasing trend since 2009.13 

Neste Oil's NExBTL 
plant m Ro tterdam. 

Photo Credit Nesro 

Oil. 

International development of advanced biofuels can have 

posative impacts for the United States in a number of 

ways. If we imagine a global advanced biofuel industry, 

then international companies with Interest in the U.S. 

may be likely import partners for advanced fuels. One 

example is Neste Oil. which recently entered into an off­

take agreement for drop-in renewable diesel wi th Gel­

lana. an algae producer in California. Other companies 

like Ensyn have an established international presence. 

and are looking for entry into the U.S. market through 

partnershtps and new facilities, such as the Envergent 
project in Hawaii. 

There is also likely to be capital flow and knowledge 

transfer from domestic companies operating internation­

ally or international companies establishing operations in 

the U.S. A number of domestic companies have estab­

lished JOint ventures with international companies to de­

velop technology and establish factlities. Selena Fuels ts 

a U.S.-based company that is constructing a biorefinery 

for advanced jet fuel in the United Kingdom, in partner­

ship w~h British Airways. Both Solazyme and Amyris, 

based in California, have established Brazilian operations 

and partnerships which have allowed them to access 

favorable debt financing from Brazilian Develop ment 

Bank. Also headquartered in Brazil, GranBio's partner­

ships with American Process and Beta Renewables will 

increase knowledge flow among at least three countries. 

Companies producing and selling advanced biofuels 

abroad demonstrate the viability of technologies in mar­

kets with further developed infrastructure or regulation. 

lnbicon sells cellulosic ethanol in Danish markets, and is 

developing proJects around the globe. 

E2 compiled a list of 24 companies working internation­

ally on advanced biofuel projects of particular interest to 

the U.S. This does not reflect the lull scale or capaci ty of 

the global market. but should be understood as a survey 

of international activity that could be imported to the 

United States or technologies that may be licensed do­

mestically. See Appendix D for a list of these companies. 

Fuel storogo faci&ry m Stockholm. Sweden. 

12 Bloomberg New Energy Ftnance. ·us Baoruels in 2013: Stories to Watch." Baoenergy Whtte Paper. February 2013. 

13 United States International Trade Commission data, compiled and analyzod by OATAGRO. Presented to the California Enorgy Commission July 31 , 
2013. <hllp://www.enorgy.ca.oov/2013 cnergypolicy/documents/2013-07·31 workshoploresentahons/04 Nastari Datagro.pgf> 
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IV. Financing 
Ftnancing is key to any business strategy, and advanced 

biofuel developers face steep capital requirements and 
require conttnued R&D investments. New facilities can 
range anywhere from $100 mtllton-$300 m1lhon,1" with 
relattvely high nsk profiles since most technologies have 

not been used at a commercial level. Each company is 

addressing its capital needs in a unique manner, but 

most have some combination or pnvate equity and debt, 
government funding, partnerships. and capital from pub­
licly traded markets. 

Private equity investment 

Cleantech Group has tracked $4.85 btllion of private in­
vestments into acllve blofuel-related projects In North 
America since 2007, as shown in Figure 1. or this $4.85 
billion, $3 billion was invested into blofuel producers, as 

shown in Figure 2. with the remaining $1.45 billion in­
vested into companies along the value chain. Invest­

ments into companies along the biofuel value chain are 
important to help drive down costs and provide the nec­
essary scale of input~. 

We reported $3.4 billion in total private investments last 
year. It is noteworthy that E2 tracks only active low­
carbon projects, so some previously reported invest­
ments may have been divested and now fall outside this 

scope. New Investments since the publication of our last 
report (between August 2012 and August 2013) total 
$1.45 billion. 

Initial p ublic offerings 

Capital intense markets like fuel production have driven 
many companies to look to public markets as large 

sources of potenttal funding. There have been seven ini­
tial public offerings (IPOs) in the last several years, with 
Ceres and Renewable Energy Group (REG) going public 

since last year's report. BioAmber, a related bio-chemical 
company, has also submitted an S -1 this year. As ex­

pected. all public companies except for REG are cur­
rently operating at a loss. For this reason, there is limi1ed 
demand for new biofuel entrants into the public markets 

and some compames delayed thetr IPOs in 2011 and 
2012. 

ACTIVE'NORTH'AMERICAN'BIOFUEL'PROJECT'INVESTMENTS' 
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Data provided by Geartec11 GrotJa 

Publ ic funding 

In support of federal mandates to blend biofuels, several 
federal agencies have programs to support the develop­

ment of advanced brofuel capacrty. As summariZed in 

Appendix H. E2 has counted over 5600 mlllron in active 
federal grants to advanced biofuel projects since 2008. 
The U.S. Department of Energy (DOE) prrmarily provides 
these grants, but there is also funding from the U.S. De­

partment of Agriculture (USDA), the Department of De­
fense (DoD), and the Federal Aviat ion Administration. In 
addition to grants. the USDA and others have issued 
$940 million in loan guarantees. Some states, like Mis­
sissippi. Colorado, and Florida. provide grants for in­

state production activities. These states offer a variety of 
incentive packages to blofuel companies for locating in­
side their boundaries. 

DeMrtment of Defense 

DoD technology development has a precedent of sup­

por1ing innovations that eventually help civilians, includ­
ing the internet , the Global Positioning System, semi­
conductors, and more. As part of Its national security 
strategy, DoD Is actively pursuing energy efficiency and 

clean energy initiatives. The Navy leads the clean fuel 

initiatives. with a goal to replace half its consumption of 

petroleum fuels with alternatives by 2020. This is backed 
by a joint agreement from the Navy, DOE. and USDA to 
provide $510 mtllion over a three-year period for the de­

velopment of advanced brofuels. 

In November 2012, the U.S. Senate supported the DoD 
initiatives by vot ing 62-37 aga1nst a proposal in the Na­
tional Defense Authorization Act that would have pre­

vented the m1htary from buying advanced biofuel to meet 
its energy needs. With the successive authorization of 

the defense budget. the DoD was able to announce S16 
million in contracts to three advanced biofuel projects in 
May 2013.'5 

United States Department of Agriculture 

The USDA provides significant assistance for biofuel 
production across the value chain, from research and 
development to feedstock cultivation and bioluel 

production.16 The 2013 Farm Bill and specific fund ing 
amounts may be authorized by October 1st. The Farm 
Bill could provide five-year authorization of the following 
programs. in addition to several smaller and more fo­

cused areas: 

15 B.oomberg. "Penragon Awards B IOiuel Contracts n Obama Rene.·:able Energy Push.· ~ay 24, 2013 
< htto /1\'/ww bloombP«J eornfnews/2013-05·2<11pMtagon-awards-bloh.el·contracts-111-0bama·rt'nt!w~blP en!'rgy·pll'lh hlml> 

16 Yacobucc1, Brcnl 0. " 61ofuels lncentJVes: A S~.mmaryof Federal Programs" January 11.2012. Congressional Research Serv•ce. 
<hllp//www.fas.orgtsgo/crs/mrsc/R4011 O.pdl> 
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Biorefinerv Assistance Prooram - Rural Devel­
opment program provides loan guarantees for 
development, construction, and retrofitt ing of 
commercial -scale biorefinenes. 

• Biomass Crop Assostancc Progra, - provides 
financial assrstance to owners and operators of 
agricullural and forest land to produce biomass 
feedstocks. 

• Rural Energy for Amenca program CREAPl - pro­

vides loans and grants to agricultural producers 
and rural small businesses to purchase. install. 

and construct renewable energy systems. 
• Repowering Assistance program - payments to 

biorefineries to rep lace fossil fuels to operate 

biorefinerles with renewable biomass. 
• Feedstock Flexibility Program for Producers -

allows the use of Commodity Credit Corporation 
funds to purchase and re-sell surplus sugar as 
biomass feedstock. 

• Bioeneray Proaram for Advanced B1ofuels­
payments to pro.ducers to support and expand 
production of advanced biofuels. 

• Biomass Research and Development - (joint with 
DOE) grants for feedstock development, bio­

based product development. and development 
analysis. 

• Plant Feedstock Genom1cs for Broenerav- Qoint 
with DOE) funding for prOJects that accelerate 
plant breeding programs and improve biomass 

feedstocks. 

E2 and Cleantech Group have tracked over $783 million 
in loan guarantees and grants provided by the USDA 
alone since 2008. 

Department of Eneray 
In addition to the programs run jointly by USDA and 
DOE. the DOE supports Integrated Biorefioery Projects 
(IBR) and bloenergy research centers. Many other spe­

cific funding opportunities are available under the Energy 
Efficiency and Renewable Energy office on biomass re­

search and development. E2 and Cleantech Group have 
tracked $671 million In active DOE loan guarantees and 
grants. primarily under the IBR program. 

17 Survey data provoaea to E2 by Sapphore Energy. June 2013. 

:, !\ iH1cecl 8 ·o' <ll 1\' r~rket Reo, t 2013 

State fynding(!ax incentives 
As detailed in the 2012 market report. there are a variety 
of different tax Incentives and programs to encourage 
biofuel facilitres. JObs. and related economic activity in­

side particular states. V::~riation in stale-level incentives 
can prove to bG a decrsive factor when companies 
choose where to locale. For example. this summer Cool 
Planet publicly announced it will move rts headquarters 
to Colorado from California owing to tax incentive that 

will save them S3M, provided they create 393 new jobs in 

the coming years. 

Strategic partnerships 

Coot Planet's ptlol plant 

m Camanllo. CA. Tile 
first bcrefineries wrn be 
bur/1 in Louisrana us1ng 
woody biomass. Photo 

courtesy of Cool Planet 

Energy 

Many companies have developed s trategic partnerships 
to better access new capital, receive specialized tee~ 
nology or licenses. gain entry to rnfrastructure, or agree 

to purchase products. 

One strategy for secunng new venture capital is to de­
velop partnershipS wrth large interested partres, such as 

oil companies or fuel purchasers. Sapphrre Energy has 
secured Tesoro. a rue I refiner. as a customer ror its algae­

based crude oil.' 7 1n an effort 10 explore alternative en­
ergy solutions. large oil and gas companies have in­
vested in some advanced biofuel companies. One exam­
ple is Diamond Green. which is a joint project of Darling 
International and Valero. 

Another strategy is partnering with companies that may 
wish to provide exclusive use of waste feedstock. Dy­

namic Fuels, funded as ::1 joint venture of Tyson Foods 
and Syntroleum, uses the waste fats from Tyson and de­

livers fuel to Syntroleum. Other companies, like AltAir, are 
leveraging purchase agreements from companies like 
United to recerve better debt financing. AltAir will convert 
an idled petroleum refinery in Los Angeles to produce 

renewable )et fue l and diesel. 

jl\ 
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Some companies may partner with automotive manufac­
turers for research, testing, and investments. Companies 
like Oberon and Joule have partnered with Volvo Group 
and Audi. Such partnerships also pave the way to fue l 

certification and vehicle compatibility. 

Dozens of addi tional par1nerships are listed in Appendix 
A. Details of each partnership are typically listed on bio­
fuel companies' websites. 

Sapphire Energy's Half Acre Algae Pond at rls research facil· 
1ty rn Las Crvccs, NM. Photo covrtesy of Sapplwe Energy. 

V. Industry Growth Factors and Barriers 

Several factors drive demand for advanced b iofuels. 

These can be divided into two large categories: policy­
driven and customer demand. 

Policy-driven Demand 

RFS 

Policy oyerview 
Congress established the Renewable Fuel Standard as 
part of the Energy Policy Act in 2005. Expanded in 2007. 
the Renewable Fuel Standard (RFS) is a federal renew­
able fuel volume mandate. There are four nested catego­

ries with specific volume and carbon intensity require­
ments: total renewable fuels. advanced bioluels. cellu­
losic, and biomass-based biodiesel. The advanced and 
biodiesel categories require a 50% greenhouse gas re­
duction, relative to a 2005 petroleum baseline, while cel­

lulosic biofuels must achieve a 60% reduction in carbon 
intensity. Remaining renewable fuels (primari ly corn etha­
nol) must have at least a 20% greenhouse gas reduction, 
although much of the current volume was grandfathered 

from this requirement. Volumes above the mandate in 
any of the other three categories count towards the total 
renewable fuel mandate, which means excess capacities 
of low-carbon fuels reduce the demand for the higher­

carbon fuels. The total renewable fuel mandate is 36 bil ­
lion gallons of ethanol equivalent by 2022. but EPA has 
the authority to adjust this mandate as needed. Such 
adjustments may alleviate reliance on conventional b io­
fuels, but still provide the market signal needed for ad­

vanced biofuels to scale. 

RFS is the most important biofuel policy in the nation, 
and is a significant driver of biofuel development. How­
ever, the policy has been fraught with content ion over the 

past year. Markets for RINs, the tracking numbers for 
biofuels that allows fuel producers to comply with RFS, 
have been highly volatile, particularly for corn ethanol 
RINs. 16 One explanation of this market volatility involves 
the 10% ethanol ~blend wall" that limits the percentage 

of ethanol that can be blended into the fuel mix. unless 
there is greater acceptance of and access to higher 
ethanol blends. 19 1n anticipation of upcoming RFS volu ­
metric mandates exceeding the blend wall, the EPA has 
indicated they may adjust some 2014 mandates.20 As the 

EPA, markets. and analysts sort out the causes of the 
RIN volatility, program adjustments can help ease RIN 
price fluctuations. 

The flexibility of the RFS helps the program react to mar­

ket realities. For example, in the 2013 final rule, EPA pro­
vided refiners with an additional four months to comply 
with the 201 3 mandate. The RFS mandate in 2022 can 
also be adjusted, and wi ll range between 20 billion gal­
lons of conventional and advanced biofuel, plus cellu­

losic production, with a maximum of 36 billion gallons. 
Although advanced bioluels are scaling more slowly than 
the standard originally conceived . the program greatly 
helps drive the steady progress of the industry. 

Technology Oeyelooment 
The EPA can also adjust RFS to integrate industry devel­
opments into the program. The EPA continuously evalu­
ates new technologies and feedstock types for qualifica­
tion under RFS. In 201 3, the EPA approved a number of 

18 Irwin. S . and Good. D. University of Illinois, Farm Doc Dally. July 19 2013. <http://farmdocdally.llhnois.edu/2013/07/nns-gone·wll<l .html> 

19 Depanment of Agncullural and Consumer Economics, University of Illinois Urbana-Campaign. Farmdoc Oa1ly. "Is Speculation Driv1ng Up the Pnce of 
RINs?" Apn124, 2013. <hUp·tltarmdocdaily jllmojs edu/2013104/speculaiJoo:dnyjng-up .pnce-rJnS Dlml> 

20 U.S. EPA 2013 RFS Fmal Rule. Avanable at: <http://www.gpo.aov/ldsyslpkqtFR-2013·08· 151pdf/2013-19557.pdf> 
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new pathways, including the use of camelina oil as a 
feedstock for b10d1esel and renewable diose!. 

LCFS 

Callfom1a's Low Carbon Fuel Standard, the first of its 
k1nd. 1s a state centralized performance standard man­
dating a 10% reduction in the carbon intensity or Califor· 
nia's fuel mix by 2020. Established in 2007 as an Execu­
tive Order in support of Cal1fomia's climate change re­
duction goals, the standard phases 1n gradual reductions 
in fuel carbon intensity from 2011-2020. The transporta­
tion sector contributes over 40% of the state's green­
house gas emissions, making cleaner fuel and vehicles a 
critical component of overall emissions reductions goals. 

A number of mechanisms will work together to achieve 
the LCFS, including advanced vehicle technology, energy 

efficiency gains. and low-carbon fuels. Advanced biofu­
els. depending on the feedstock and technology used. 
are often more than 75% less carbon intensive than 
gasoline. The LCFS rewards incremental improvements 
to carbon intensity, as opposed to the RFS. which pro­
vides no additional benefit lor exceeding the minimum 
required reduct1on. As California moves towards its fu ­

ture LCFS goals, more gallons of advanced biofuels will 
be needed to reduce the overall carbon intensity of the 
state's fuel mix, in addition to lowered carbon scores of 
traditional biofuels. 

In response to litigation from interest groups, court dec~ 
sions 1ssued in the f1rst half of 2013 have generally up­
held the LCFS. However, these challenges have resulted 
in some delays in Implementation of parts of the LCFS, 
including a recent delay of the increased 2014 target. The 
LCFS will remain at the one percent reduction level (the 
2013 target) through 2014. Despite the marketplace un­
certainty caused by such changes, the LCFS has deliv­
ered a fuel mix with lower carbon intensity. In 2012, Cali-

A field of young pongam1a 
trees m southern Flonda. 
whtch wtlf produce an otl 
feedstock Photo cour· 
tesy of TerVr.ta 

lornia displaced 1.06 billion gallons of traditional fuels 
wtth lower-carbon fuels, thus lowering the carbon inten­
sity of the overall fuel mix.?' The policy is providing re­
duced greenhouse gas emissions from the transportation 
sector. and overall is working as tnlended. 

Customer-driven Demand 

Military 

NexSteppe's Palo Alto 
H1gh B1omass Sorgnum. 
Pl1oto courtesy of Anna 
Ralh at NexSteppe. 

As mentioned previously, the Department of Defense has 
made renewable fuels a component of 1ts national secu­

ri ty strategy, as fuel made from domestic biomass 
sources provides greater fuel security than dependence 
on crude oil. Not only has DoD invested heav1ly in ad­
vanced biofuel projects. but the military IS the nation's 
single largest consumer of fuels. The military rs posi­
tioned as one or the largest purchasers or the finished 
products. Usmg a grant from the Federal Aviation Admin­
istration. Virent recently delivered 100 gallons of renew­
able jet fuel to the Air Force for testing. A national sec~.r 
rity interest combined with significant fuel usage makes 
the military's biofuel demand an important market signal 
tor biofuel project developers. 

Aviation 

Worldwide. environmental concerns and the rising cost of 
fossil fuels have spurred numerous airline companies to 
invest In or sign off-take agreements with renewable jet 
fuel projects. One example Is Virgin Airlines' partnership 
with Lanza tech to produce renewable jet fuel in India and 
China. Other a1rlines, includmg United Airlines, Lufthansa, 
British Airways, Oantas, and others have partnerships 
with various advanced biofuel companies. Governmental 
and industry 1nvestment in renewable jet fuels is quicken­
ing the pace of commercialization. 

21 Yeh. Sonia. Julie WIICO\er. Jeff Kesslcr.uc Davis rns1Jtute of Transportabon Stud es ·s tatus Re~1ew of Cahforn1a Low Carbon Fuel Standard • 
ReVIsed Spnng 2013 <hl!p l'wr,y 1ts ycdiMS ~du ?psge !d=!OQ63&pub td=1861 > 
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Competition 

As crude oil has increased in total cost as well as price 
volatility, the market for alternative fuels has become 
more viable. Business plans from advanced biofuel pro­
ducers generally assume the ability to compete directly 
with crude oil based on price, quality, and availability. 

Barriers to Advanced Biofuel Development 

Feedstock availability and cost 

Finding or cultivating sufficient available feedstock drives 
decisions on facility locations. At $50-80/ ton of biomass, 

feedstocks comprise a significant portion of advanced 
biofuel operating costs. One of the greatest challenges to 
the industry is securing feedstock, as well as keeping 
feedstock costs low. Feedstock is often not aggregated 
or is expensive to transport. To overcome some of these 
challenges, companies may attempt to co- locate facili­
ties near sources of biomass, such as the KiOR model to 
locate near shuttered paper mills or INEOS' co-locating 
with a municipal solid waste facility. The feedstock com­
panies listed in Appendix E are all working to provide 
higher yields at lower costs. 

Risk capital 

As with many markets, regulatory uncertainty can create 
obstacles to accessing capital. Large-scale biorefineries 
are expensive to construct and require significant in­
vestments and lead time. Delays in pathway approval 
deter venture capital in new projects. Volatility in RIN 
pricing and compliance fees for RFS create instability in 
the market and increase the risk profiles of potential blo­
fuel projects. Uncertainty about the program as a whole, 
partly because of political opposition, impacts invest­
ment into biorefineries and makes off-take agreements 
more difficult to acquire. 

Photo credit: Sapphire Energy 
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Without regulatory certainty, new and expensive tech­
nologies may appear too high-risk and investors could 
choose to invest elsewhere. Without increased capital 
investment. projects will not achieve the level of com­
mercial production required. 

VI. Conclusions 

Our analysis reveals slow and steady growth for the ad­
vanced biofuellndustry. Although some projects have 
been divested since last year's report, numerous other 
companies have emerged and several facilities have be­
gun producing. As predicted in previous market reports, 
growth in cellulosic ethanol continues at a slower pace, 
while drop-in capacity is increasing. There is significant 
potential in the conversion of existing corn ethanol facili­
ties to produce cellulosic ethanol, as well as increased 
deployment of modular technologies to reduce carbon 
intensities at act ive ethanol plants. 

Capital availability remains the greatest challenge to the 
commercialization of advanced biofuel projects. Several 
technologies have been proven at a demonstration level; 
the next step is scaling up. New facil ities require signifi­
cant financial investment. which to date has not been 
available at necessary levels. Public funding continues to 
play a crucial role in industry development. 

Feedstock availability and pricing are critical to the loca­
tion and operating margins of a biorefinery. Significant 
research and development effort is focused on finding 
means of providing low cost feedstocks. Locating near 
waste feedstock streams provides long-term supply op­
portunities at lower costs. 

Regulatory uncertainty makes investors hesitant to inject 
significant capital into the industry, further impeding 
commercialization prospects. Stability in regulation will 
provide stability in the industry and is necessary for con­
tinued growth. 

Despite the uncertainty and challenges. advanced biofu­
els are meeting challenges through unique financing and 
commercialization plans. Advanced biofuels continue to 
scale, and provide significant economic and environ­
mental opportunities to replace our fossil fuels with re­
newable alternatives. 
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Sheeraz Haji, Cleantech Group 

Jim Lane, Biofuels Digest 

Christine Luong, E2 Staff 

Jeremy Martin, Union of Concerned Scientists 

Michael McAdams, Advanced Biofuels Association 

Simon Mui, NRDC 

Shelby Neal, National Biodiesel Board 

Kinkead Reiling, E2 Member 

Philip Sheehy, ICF International 

Brian Siu, NRDC 

Ryan Townsend, Presidio Graduate School 

Sonia Yeh, UC Davis Institute of Transportation Studies 

Leo Zhang. Clean tech Group 

Paul Zorner, Pegasus Capital Advisors and E2 Member 
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Appendix A: Facilities Coming Online by 2016 {low-End) 

Company Facility Type FacUity Fuel Type RFS Expected 2013 2014 2015 2016 Feedstock Partnerships Noies 
Locallon Category Online Capacity Capaclty Capacity Capacity 

MGPY MGPY MGPY MGPY 
Abengoa commercial Hugoton. KS Cellulosoc CellulosiC 2014 0 25 25 25 ceRulosa Dyadic licenso for Will harvesl and collect 

Ethanol enzyme biomass; pays faml(lrs 
lcchnology S 15/dry ton if Abengoa 

harvests 

Ace Ethanol commercial Stanley, WI Cellulosic Cellulosoc 2015 0 0 36 36 cellulose Sweetwater 7% of feedstock to 
(Swootwator) Ethanol Energy come from Sweetwater's 

cellulosic sugars 

Algenot pilot Fort Myers. Cellulosic Other 20t2 0 .1 0 .1 0 I O.t algae Valero, the Linde 
Fl Ethanol Group, Blofiolds. 

Honeywell NREL 

AltAir Fuels commetc1al Los Angelos. Renewable Jet Cellulosic 2014 0 5 15 30 comelma Unoted 
CA fuel, di9$0I dlesol 

Ame11can demo Thomaston. Cellulosic Cellulosic 2013 03 0 .3 0.3 0.3 cellulose 
Proceu GA Ethanol 
Amencon commercial Alpena. Ml Cellulosic Cellulosic 2012 0.89 0 89 089 0 89 woody biomaS& Co ball, GranB10 from EPA Actual201 2 
P<OCC$$ Ethanolthell production predicted at 

butanol 5 MGPY by EPA. 

Beta Renewables commercial Sampson Cellulosic Cellulos<c 2014 20 20 20 miscnnthus and Chemtex. JV ol Chnmtex and 
County. NC Ethanol ~wotchgrass Bioluels Cento! Gruppo Massi & Ghisolfi. 

NC, Novozymes prototype rn Italy 

Cool Planet commerc ial Alexandria, LA Renewoblo Cellulosic 2015 0 0 2 2 Colluloso (wood BP and Announced firstthroo 
Gasoline b1omass) ConocoPh1lllps modular faci6ty plans Ia< 

Lou1SI3na 

Di:llTlond Green commercial Norco, Renewable Btomass 2013 140 t40 140 140 an1n13llat, used Uses UOP ad JV 
Louisiana Diesel based cooking oil ol Valero and 

diesel Darling. 

DuPont Cellulosic pilot Van(lfo, TN Cellulosoc Cellulosic 2010 0.25 0 25 0 25 0 25 lignoceUulosics. 
Ethanol Ethanol com Slaver, 

SWrtChgrass 
DuPont CellulOSIC commercial Nevada, low~ Cellulosic Cellulosic 2014 0 27.5 27.5 27.5 lognocellulosics, 
Ethanol Ethanol com stover, 

sw•tchgra.ss 
Dynamoc Fuels commlllcoal Geismao,LA Renewable B10mass 20t0 75 75 75 75 anomal fal . used JV Synt<oleum Facd1ty Idle from 

Diesel based co0~1ng oil Corp and Tyson January-July 20 I 2 
diosol 

Edoniq & Logos demo Visalia. CA Cellulosic Collulos1c 2012 0.05 0.05 0.05 0.05 com Slover. Logos Tech. 
Tech Ethanol bagasse Novo1ymes, Ceres. 

NoxStcppc. USDA ond 
UC DaVIS 

Emerald Biofuels commercoal Plaquemine. Renew~ble Biomass 2014 0 85 85 85 wnsto lats and Dow, Honeyv;oll 
LA Diesel based oils 

diesel 
Enerkem demo Westbury. CellulOSIC Cellulosic operating 13 1 3 1.3 13 MSW 

Quebec Ethanol and 
methanol 

Eoerkem COJTlnlOfCial Edmonlon, Cellulosic Cullulosic 2014 0 10 10 10 MSW 
Albert~ Ethanol and 

methanol 
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Appendix A: Facilities Coming Online by 2016 (Low-End) 

Company ' FacUlty 1'/pe FacUlty Fuel 'TYpe RFS Expected 201$ 2014 2015 2016 
l ocation Category Online Capacity Capacity Capacity Capacity 

MGPV MGPY MGPY MGPY 
Ener1<em commerctal Pon1o1oc. MS CelluloSIC Collulos.c 201~ 0 0 10 10 

Bhanolond 
methanol 

Envergent demo Kapolei. HI Cr udo oil tnlo Cellulosoc 2014 0 0 .1 0.1 0.1 
(HoneyweiVUOP renewoble 
& Ensyn) doesel und 

avoahon fuel 

Fibenght commorcoal Blait$1own,IA Cellulosic Cellulosic 2015 0 0 6 6 
Elhnnol 

Fronl Range commerclnl Windsor, CO Cellulosic Collulosoc 2014 0 3.6 3.6 3.6 
Energy Elhonoi 
(SwoctwBIOI) 

Fulcrum commercoal Reno. NV Jo1 fuel, d•esel. OlllCI 2015 0 0 10 10 
Booenergy elhnnot 

Haldor Topsoo demo Des Plaines. Renewable Cellulosic oporalong 0.34 0.34 0 0 
ll gasoline diOse I 

ICM demo Sl Joseph. Cellulosic Cellulosic opcrahng 0 245 0.245 0 245 0 245 
MO ethanol 

INEOS Bio commercial Vero6oach. Collulosio Cellulosic 2013 8 8 8 8 
FL Ethanol 

logen demo Ottawa. Colluloslc CellulOSIC opcra1ong 0.48 0.48 0.48 0.48 
Ontano E1hanol (slnce 2004) 

Joule demo Hobbs. NM Ethanol Cellulosic 2012 

KIOR commercial Columbus. Renewable Collulosrc Opotalong 13 13 13 13 
MS DMisel and 

Gasoline 
KiOR commercial Nolchoz. MS Renewable Cellulosic 2015 0 0 40 40 

Diesel and 
Gasoline 

Lanza Tech comme.'c: 1.'\1 Sopenon GA Cellulosic Cellulosic 2015 0 0 20 20 
E1hanot 

LS9 demo OKeechobee. Renewable Other opera ling. 0,075 0.075 O.D75 0075 
Fl Diesel 2012 

Mascoma pijot Rome. NY Cellulosic Cellulosic opera11ng 0.2 0 .2 02 02 
Ethanol 

Mascoma-Volero commercull Kinross, Cettutosic Cellulo,<;ic 2016 0 0 0 20 
Michigan Elhanol 

Advanced Biofuel Market Report 2013 ~ ~ 11 11 .VJi = 

Feedttock Partnerships 

MSW 

Ag WIISIO. pulp. 
paper. wOOd. 
enorg~ crops 
and algae 

MSW 

w oody biomass Swoelwaler 
Enorg)l 

MSW 

wood waste 

com fober, Abengoo 
swolchgrass. 
energy 110rghum 

MSW,ag 
residue 

Slover 

C02 ond Audt 
sunlighl 

pro·commorcial INoycmaueser 
lhonnrngs 

pro-commercial 
thinnin~s 

MlSCMihU$, Virg~n Artlones, 
Goorgra plne Slomcns 

Sugor 

w ood nnd 
swllchgrass 
H~rdwood Lallemand. 
pulpwood Pacofic Ethanol 

Notes 

7% of feedsl ock 10 
come from Swootwaler's 
cellulosic sugars 

Secured facobty 
hnancong Nov 2012 

Began producllon In July 
2013. 

25.000 gallons of 
elhanol and 15,000 
gallons of diesel per acre 
al commercial scale 

125 tons per day 
lnfrnsltucluro in place 

Opllon 10 exp;~nd 10 80 
I.IGPY. S1.77 cost per 
gnllon. cited on S. l 

CD ....-
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N 
0 
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Appendix A: Facilities Coming Online by 2016 (Low-End) 

Company Facility 1\lpe Facility Fuell\lp e RFS Expected 2013 2014 2015 2016 Feedstock Partnerships Notes 
Location Category Online Capacity Capacity Capacity Capacity 

MGPY MGPY MGPY MGPY 
Oberon com me< coal lmpertal Oths- OME Other 2013 1.64 1.6-1 20 20 Methanol (only Volvo Otesel replacement fa<· 

Valley, CA temp for Phase heavy duty vehicles 
1 oflmpeual Volvo Group launching 
Volley plant~ OME fleet. 
natural gas 

PO:: I demo Scotland, SO Cellulosic CellulosiC 2009 0.02 0.02 0.02 002 Corn stover 
Ethanol 

POET- OSM commnrclnl Emmetsburg, Cellulosic CellulOSIC 2014 0 20 25 25 Com stover 
lA Ethanol 

Sapphite Ene1gy comm01clol Columbus. crudo oil OUter 2014 0.02 1.5 1 5 1.5 algae Lbtdo. Tesoro as 100 barrels of crude oil 
NM customer which may be r'Oflned 

lnloany ruel 

Solazyme commerc1:.1 Clinton lA mulllple fuels - Other 2013 0 0 013 013 sugar 500,000 L 
rerwwable 

Solazyme commercial Peorlo IL multiple fuels - Othor 2013 0.53 0.53 0.53 0.53 sugnr 2,000,000 L 
renewable 

Vi rent demo Mad••oo. W1 renewable Celtulosrc operaltng 001 0.01 001 001 beet sugar Shell and HCL 
gasohno diesol Cleantecl>, Scudenn 

Fenari 
Vlrent commorcaal TBD multiple fuels- Cellulos1c 2016 0 0 0 20 

renowablo dlesol 

Woodland demo Sarn10. Cellulosic Cellulosic 2013 0.02 0.02 002 0.02 wood w~ste 
Biofuels Ontario Ethanol 
ZeaChem demo BoardmM, Cellulosic CellulosiC oper~ting 0.25 0.2S 0.25 0.25 pbntod trees 

OR Ethanol and wheatsltaw 

ZeaChem commercial Boardman, Cellulosic Collulos1c 2016 0 0 0 25 planted trees 
OR Ethanol and wlteatstraw 

43 FacUlties TOTAL 2.42.725 440..406 666.15 646.16 

Summary of App_endix A Data (volume) 

2011 2012 2013 2014 2015 2016 Count 

Ethanol 1.00 3.79 12.11 118.21 162.81 207.81 26 

Drop-in 75.24 88.45 22898 320.56 382 35 417 35 16 

Other 1.00 1.64 1.64 1 64 20 20.00 1 

Blodiesel (APpendix Cl 350.00 369.92 717.95 747.00 829.50 954.00 116 

TOTAL 427.20 463.80 960.68 1,187.41 1 394.66 1 599.16 159 
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Appendix B: Active Advanced Biofuel Companies (High-End) 
Company Plant Locatlon Finish~ Product RFS category Anticipated 2013 Antlclpated,2016 Technology Feedstock 

Capacity MGPY Capacity MGPY ,. 

~ Hugoton. KS Elhanol ~ellulosoc 0 25 H ~allulose 

~ce F'th"""' " S!ankly, 'M Elhanol ~OIIUIOSIC 0 3.6 H ~ellutose 

~ Fort Myers. Fl !Ethanol pther 0 .1 250.1 ermontalion plgao and C02 

~ Renewable Diesel. ~i~ma66 b3sed 0 0 Hydrog~·el den! catalytic plan! otis. waste ools ond 
et fuel and Gasotone oset r rdrottcating als. and algae oil 

Ill AI< Fo "'' Los Angeles. CA Renewable dies.~! ellulostc diesel 0 30 amcluta 
and jel fual 

~~P""" Pml'P« ln. f"Jperta, Ml; 
homaslon, GA 

Elhanol elluros>e 1 19 119 ~ cellulose/wood 

A~cw.tnr ~ooewable und Jet Other 0.01 001 ermenlation ugor 
Fuel 

.\nmrnrh Btoenernv lSD l'lhanol Cellulosic 

.\rcher!hme!'- tdbM lhnnol ~clluiOSIC 0 002 H F<>llulose/stO\'or 

lr.t;o R~nAw~hl<>' j5.1mpson Counly, NC Elhnnol CellulOSIC 20 FOIIulose 

.,., E tn' E,...rnv Cor~ornttrn Multtple Fuels 
~enewable 

Other 6132 p02 

~t .. Ar: .... R .. , ... ., ... , ... ullon, MS: E!hanol ellulostc MSW 
Lancosler, CA 

Cnh~lt ~ulanol and Jet Fuel ~ellulosoc drcsel !Cellulose 

l Pbnnt Rlnh tPI< olorado Ronewable Gasoline ollulostc 0 .2 10 Biomass Fracriona!lon Fellulose 

r":()R~ Rinf,PI anada Renewable Gusotme elluloslc 0 .1 0 gasi calion !woody btornass 

~ • ., ...... ,.tv .. onvoni,LA !Renewable Ooesol ~oornass based 
~reset 

hvdroprocess<ng ~rown grease 

Advanced Biofuel Market Report 2013~ n 

Notes 

~annorships with Vir en! nnd Oyadoc, 

% of feedstock lo come from 
Swectwaler's ceDulosiC sugars 

0 acres to grow algae on commercrally 
at ils HOs Target completion dale on 
01 4 9000 gal/aero yield. 

United oll·l&ke for 15 MG of jet fuel 01 a 
~0 MG lactlity. Relro 1 ol Paramounl 
acrhly tn Los Angeles 

"'orthern hardwood and aspen, 30 bone 
~ry Ions per day: Rocen1 25% mvestmonl 
~y GranBio 

flew b10fuol tght at Pans A•r Show rn 
~uno 2013. Dreset meo1sASTM 0975 
~pees, up 10 35% blend approved EPA 

f'\lgae 10 ethanol + co producls 

Partne<od wtlh Chemlox, GranBio. 
anergy USDA loan guorontee 

tant in Korea and pendong U.S. projecls 

Biochemicnl pl.'!n!ln Brazil with Rhodt;t 
DOE owDrd for JP·5 dcvolopmenl; 
partnered with Show Me Enorgy 

Moving 10 Colorado lor $3M Job Growth 
ncenlrve Tax Crediltn ro1um for creaMg 
393 JObS rn !he nexl 3 years 

Have a number of partners, mcludtng 
~aldor Topsoe and nanc•al partners 
Plan lo cons1ruc1 ve 30M gallon planls 
lo lnl capacity 150M) 
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Appendix B: Active Advanced Biofuel Companies (High-End) 
company Plant Location Finished Product RFS Category Anticipated 2013 Anticipated 2016 Technology Feedstock Notes 

Capacity MGPV Capacity MGPV 

' 

!ilmond Goeron O;esel Norco. Louosoana ~nowablo Otescl ~.101l1ass based 140 1-10 tyd roprocesstng antmal waste Began production Juno 2013: partnership 
~iesel wtth Oarhng lntemahOnal 

DuP<>nt c,tlul" , < Ethanot Vonore. TN, Nevada. 
A 

~thanol p ellulosiC 0.25 54.65 EH Ftllulose 

D•nam·· Fuul< ~eosmar,LA Ronowable Diesel ~~':fss based 75 75 FT ~nlmal waste yson S Syntrolcum JV. RSB certl cation 

cnTnrh Funis Hot Spungs. SO, Ronowable Diesel ~elluiOSIC dtOSOI 0 80 AO, gasi CDI!On, FT. MSW. agricultural wasto, !Torqazine-o· 
Douglas County. GA hydrocracking ~iowaste. woody 

~iomass 

Edentll Brazil and USA Ethanol Cellulostc 005 7.05 e!IZymatic !com stover, bagasse f'vlulltple licenses at Cahfomla corn 
ethanol facilities 

El~v.me • Natchez. MS Mu Ito pie Fuels - Ulher rnotathesos lgae working with BioProcess Algae on DOE 

~ Renewable grant. Ftrst plant in lndonesta 

Ern<' •ttl Btofuet, !P'aquemine. LA Renewable Diesel ~.10mass based 
iesel 

0 85 atalyhc hydroprocossillil Nasto fats and otis HoneywetiJUOP tech on Dow Cllonl SilO. 
Pcrmnted. 

~ ontotoc. MS. l.'cthanol and elluiOSIC 1 3 31 3 [Thcrmochemtcal MSW losed on Edmonton facdoty nanc01g tn 
Edmonton Albena, Ethnnol ~anuaty 
Vatennes Quebec: 
Pontotoc, MS; 
Westbury. Ouebe~; 
demo) 

~ (Honeyweii/UOP & Kapolei, Hawaii Mulhple Fuels · eiiUIOSIC 0 0.1 aprd theomal processing ~ wasto. pulp, pupor. 
Ensyr~) Rllnowable Nood, llnergy coops ond 

~tgae 

~ Ethanol pelluloslc eo mentation ~weet Sooghum Pbn to build modular plants near 
~lomass sources 

Ell!.e.aall1 Slarn;town, tA thonol ~elluloslc 0 6 H MSW p onverttng existtng ethanol laclllty 

' En~!a. thonol ellulosic 0 36 H NOOdybtO~ % of feedstock to come from 
·SwNIW.11<'fl ~weetwater's cellulosic sugar!l 

1.1'<:~cm R· .,s:," nr Reno. NV ~onowable Jet fuel. 
~iosol and ethanol 

pe1tulosic diosol 0 10 Sto3m reforming & F-T fMSW annOtship with Waste Management 

c ... n.-rnl Atom"" ~et fuel p!her lgae DARPA funded demo site in Kauai, 
Hawaii 

("'..,('\nSvn Fttc\ r, Golden, CO fEthanol ~iomass based 
!diesel 

ClroM Btolontr.< ~olumbus. OH Blobutanol p!her 0.01 0.01 ormon totion nlulll-teedslook P~rtnership with Easy Energy to convert 
o n·butanol at Emmetsburg tA demo 
acilltv 

;rAM 'lntn< RnnAwohi<> Shenandoah, tA et fuel pi her lgae partnership \'flth BioProcoss Alg~o to to&t 

~ lgao in Shenandoah, Iowa f3ciltty 

o'dor T a~•.nr n.r: pes Plaines, IL Renewable Gasoltoo p elluloSlc 034 0 EH Noody biomass ocnted within GTrs tesbng facility 
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Appendix B: Active Advanced Biofuel Companies (High-End) 
comp~ny Plant Location Flnlshed Product RFS Category Anticipated 2013 Anticipated 201s· '•. Technology Feedstock 

Capaclty.MGPY Capacity MGPY 

. 
l~wmo Rin.en<>uw Renewable Diesel ellulosic diesel 0 0 

I,C;,M SL Joseph, MO Elhanol ellulosoc 0.245 0.245 om bar. swilchgrass. 
energy sorghum 

lm,.rnom Hoquiam.WA Jet fuel Biomass based 30 cansesleri cation waste oils 
diesel 

~ Ethanol pelluiOSIC lon·chem prelleatmenL 
EH. sugar fermentation 

Fellulose • ag residues 

INEOSB•o VCfo Beach. FL Ethanol ~ellulosoc 8 8 hem10chemica1 MSW 
~asi cati~nlbiochemocal 
jermentat1on 

l.o.ueo Ottawa. Ontario Ethan ol peiiuiOSIC 0.48 0.48 151ove• 

~ Hobbs, NM Renewable diesel pellutosic 0.11 25.11 ~ettoculture Platronn ~02 
~nd ethanol 

~ polumbus. MS: 
~atchez. MS 
'planned) 

Multiple Fuels • 
~enewablc 

p elluloslc 13 53 Biomass Fluid Catalytic NOody biomass 
racking 

on>• fpcn IFrPPrln m '•nt>~l Sope<ton, GA Ethanol r--ellulosic 0 20 gasi calion lue gas 

non< TPcn<'nlno~< ~salia. CA Ethanol r--ellulosic cellulose. MSW 

~ p keechobee, FL Renewable Diesel Other O.o75 O.o75 ermentation rst and second 
enerallon suQars 

itJ==a ~ome. NY, Kinross. Ethanol Cellulosic 0.2 20.2 SP hardwood 
Ml 

1t>non Renewable jet, Cellulosic ermentation 1arious. including MSW. 
gasoline, diesel, algae 
biodiesel 

1 ' '""''"" R.r• luol~ Renewable diesel ellulosic diesel f!enawable Acid·hydrolysis 
and jet fuel Condensation Hydrotreating 

~ Ethanol ellulosic !Paper wasle 

QWwl Imperial Valley. CA DME Other 1.64 140 f3TL Methanol (only temp for 
Phase I of Imperial 
~alley pl::>nt). renewable 
r atural gns 

1"\PX <; Renewable diesel ellulosic diesel ally acid 
and 1et fuel 

Advanced Biofuel Market Report 2013~ 

Notes 

.• .. ',: 

f"dding new storage tanks, rail 
nfrastructure and of ce space at 100 MG 
~iodiesel facility in Grays Harbor. 
Potentialluture expansion into renewable 
ot fuel. 

~roduction began July 2013. 

xpecl to produce 25.000 gallons or 
elhanol and 15.000 gallons of diesel per 
acre at commerc ial scale. Commercial 
plants begin construction in 2014. 

Began shipping renewable diesel 3/20/ 13 

artnership wi th Virgin Airlines. 

ogos Technologies wol1<s in partnership 
f.-ith Edeniq on the Visalia facility. 

Diesel replacement lor heavy duty 
ehicles. Volvo Group launching DME 
eel. 

rojcct developing under DOE Grant 
biofuel pathway. otherwise biochem1cal 

24 

<0 ..--
00 
N 
0 
0 
0 

~I 
<0 
(") 

~I 



E2 1 Enwonmental Entrepreneurs 

Appendix B: Active Advanced Biofuel Companies (High-End) 
company Plant Location Finished Pcoduct RFS Category Anticipated 2013 Anticipated 2016 Technology Feedstock 

Capacity MGPY Capacity MGPY 

~ entral Oahu. Hawwl Muluple Fuels • Other 0.01 0.15 Fassava and atgae 
under construction) Ronowoble 

~ !Sc<>~land. SO & thanol ~elluloStC 0.04 25.04 EH r--om stover. 
~mmetsburg. town !'watchgr.,ss, MSW, 

Nheatstraw 
R"d Rorl< Biofu,.ls BO Ronowable dlewl 

and jetluel 
~ollulostc diesel gasl ~tlon .voody biomass 

=1 1 t~~nt'\.,J:\klo f:nprnv 

~Mill utA lnrmnolonnall 
Gridley, CA Renewable Diesel f:;ellulosic d iesel 0.35 0 35 gas! c~tlon woody bromass 

";•nnhll" "'"""' olumbus. NM; Las Renewable crude oil Olher 
ruces, NM 

0.02 1.5 ~ydroprocossing algae 

St<'rra Ent>r11v Sacramento. CA; Fort Renewable Oresel Cellulosrc 0.37 ~Glil ea11on MSN 
Hunter Lrggett, CA 

Wu.l Multaple Fuels • Olher 0 .01 pxtdauve couplrng of r>aturalgas 
~ewable ~eUrane 

~ eorta, IL; Clinton lA. Muiuple Fuels • ~her 0 53 0.66 rydroprocoss111g ~ugar 
~uth San Francosco. ~enewable 
i':A 

Solcna Fuels !Renewable dtesel 
pnd jot fuol 

ellulosrc drosol tschor Ttopsch MSN 

US F'n''"'''"''• Highlands. FL thMOI elluloslc 0 30 ugarcane and sweet 
orghum 

~ 1'lorth Ameraca Renewable gasoline. elluiostc diesel 
dresel. ond JOt fuel 

001 20 01 catolyhc plant sugars 

Stofu~'> pamia Ontario EthGnol ~cllulosk 002 0.02 ~nzymotie hydrolysis 11oody boom:~SS. 
agricultural wasto. MSN 

~ !Boardman. OR Ethanol l"ellu!OSIC 0.25 25 25 ormentatlon and j,iomass· poplar troos 
~osi calion ~nd whoatsJraw 

1&4 Companies fl'OTAL 243.52 1,294.40 

Advanced 81ofuel Market Repon 2013~ 

Notes 

Ethanol from cassava and other fuels 
rom algae. Tesoro and GE as partl\crs 

roJ(!(t LIBERTY on S<:hodulc lor e<llly 
2014 complet•on. Capacity ol20 m•l 
r:>mpinQ up to 25 
~atchtng govemmoot lunds wtth $5M 

!'rtv.lle capital Currently"' Phase 1 ol 
p oD grant to select lacrllty location Fluor 
~ngineenng. 

esoro as off ·lake customer. 

ort Hunter Lrggett project 

Clinton; 500,000 L. Peoda. 2.000,000 L 

ptl-take agreement with Brollsh Atrways 
or 16 MG of jet fuel starting m 2015 

Produc tion an England, not counted hero. 
fluor is engineering partner 

F>annersnip with SheD. Scuder~:~ Ferran as 
f:ustomor 
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Ethanol 

Drop-in 

Other 

f:M -n 
Appendix B: Active Advanced Biofuel Companies (High-End) 

Summary of Appendix B Data (volume) 

2012 2013 2014 2015 2016 

3.86 12. 18 118.2S 224.90 53 1.80 

86 91 229.69 321 .41 526.69 622.59 

1.65 1 65 20 01 60.01 140.01 

l3iodiesel {Appendix C) 369.92 753.85 784.35 870.98 1001.70 

OTAL (volume) 464.34 997.36 1,244.05 1,664.58 2,296.10 
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E2 I Enwonmental Entrepreneurs 

Appendix C: Biodiesel Producers 
Company Name Website Cily State capacity 

ACCU CHEM Conwrs10r1 El Centro CA 3 

ADM WWW3dm.com Velva NO 85 

Advanced Biodiesel www.advaneedbiodiesel.com NobiOSVIIIO IN 2 

Ag Env~onmental Producls www.agp.com Mulllpla 119 

Agnbloruels wwvt annblofuels.com Oay1on TX 12 

Agnfuels www.ogrifuels.com Bremen OH 0.1 

Allied Renewable Energy www allledeoergycorp.com BlnnlnghM1 AL 15 

Aller native Fuel Soluuons Hunlington IN 0.8 

Alletr.l Btoenergy Resources 
Gordon GA 12.1 Corporation 

Ametrcan Btodresel Energy crrcbrod.esel.com Ene PA 4 

American Energy Producers wwwaopim nna MO 6 

Beacon Energy www beaconlx.com Cleburne TX 12 

Benlly Biofuels Comp3ny www.benllyblofuels.com Minden NV 0 

BIOOICO www btOdieseOnduslrles.com Port 
CA 100 

Huonemo 

Biodiesel of U.s Vegas www btOd~eseloflasvegas.com Las Vogas NV 4 

Btodtesel of PA www pablodleselsupply.com Wluleo- PA 1.5 

B1001Cscl One WW\'1 brodreselonelld.com Southtnglon CT 3 

Blue Ridge Biofuels wwv1 bluendoebioluels.com AshoVIIlo NC 1 

Blue Sun Biodtesel WW\v.gobluesun.com S1. Joseph MO JO 

Bluegrass BioDiesel www bluegrass-biodiesel.com Falmoulh KY 3.5 

Bndgeport Biodiesel www brodgeportbiodlsel.com Bridgeport CT 1 

Buster Biofuel http://busterbiofuels.com San OICQO CA 

Cape Cod BioFuels www.capocodbiofuols.com Sandwich MA 0.5 

Center Alternative Energy 
Cleveland OH 5 Company wwv1 cen1eco~.com 

Clmlon Counly Bio Energy www cebebJodiosetcom Clinton lA 10 

Communrty Fuehi ww·w commun1lyfue1s.com Slocklon CA 10 

Cnmson Renewable Energy www.tJtmsonrerlr:rwable.com B:~kerstteaa CA 22 

Oelek Renewables www.delekus com Cleburne TX 12 

Dependable Fuels Tomball TX 1.2 

Down To Earth Energy www downtoearthenerQv.nol Monroe GA 2 

Eaglo Bio Diesel Bridgeport Al 30 

Earl Fisher Bio-Fuels www oarlnsherbiofuels.com Chester MT 0.3 

Eberle Biodicsel www oborlebro-diesel.com Liverpool TX 0.5 

Emergent Green Energy ww-.•1 ogcblo.com Minneola KS 2 

End>eoll www endtcollbtofuels.com Houslon TX 

Energy Tee MaquokeiG lA 0.03 

Eslnger Oos Palo& CA 

Ever Cat Fuels www evercalfuels eom lsant1 MN 3 

GEN-X Energy Group www genxenergies.com Moses lake WA 15 

Genernl Blodiesel www.goneralbrodiesel.corn Se.:JUIO WA 5 

Genuine Bto-Fuel www.Qonuinebloluel.com lndlanlown Fl 6 

GooGrecn Bioluols www Q<lOQreen.com Vomon CA 3 

Grecycle Arizona WWV1.grecycle com Tucson AZ. 2 

Green Earth Fuels WW\v.greenearthfuelsllc.eom Galena Park TX 90 

Advanced Biofuel Market Report 2013 f:!1 = 11 
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Noles 

3 faciUtlos 

Owned by Pacific Biodiesel 

CEC aword for $2.6M 

809000 certif.ed 

Construchng 30MG lacrkty 
Port Arthur TX 

CEC nwnrd S6M for 5 MG 
plant in Fresno 
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E2 1 Environmental Entrepreneurs 

Appendix c· Biodiesel Producers 
company Name Website 

Green Energy Products 

Green Gallon Solutions of www.greengal lonsotutions.co 
NorthAmcrieo m 

Green Valley Biofuels www.greenvalleybf.com 
Green W3ste Solutions of 
Alaska www.biodiesel.con> 

Greenleal Biofucls WW\v.gree.•leafbiofuels.com 

Greenwave Brodiesel 
http_i /g_recowavooil.com 

Griffin Industries www.{}riflin1nd.com 

HEROBX www.lakccricbiofuels.com 

High Plains Bioenergy www.hiQhplainsbioenergy.com 

Imperial Western Products www.biotanefuels.com 

Imperium Renewables 
www.impenumrenewables.co 
m 

fnteg1ity 6iofuels www .inlegritybiofuels.com 

Iowa Renewable Ene1gy www.irebiodiesel.com 

Jatrodiesel www.jalrodiesel.com 

Kelley Green http://IM<tW.kelley-green.com 

Keystone Bioluels www.keystonebiofue!s.com 

Maine Bio-Fuel 
www.m3inestandnrdblofuels.c 
om 

Michigan Biodies<il 
http://w\<tW.biodiesehnichigan. 
com 

Milligan Siofuol& http://mllli!lant>lofuets.com 

Natural S 1odiesel Plant 

Naturo's Oioro.s.orvos 

New Fuel Company www.ne·Nfuelco.~om 

New Leaf Bioluet wwv1.newleafbiofuelcom 

Newport B1od1ese1 wwv1.nowponbiodiosel.com 

North Star Biofucl$ www.nonhstarbiofuels.com 

Outpost Biodiasel www.oulpostbiodiesel.com 

Pacific Biodiesel 
WW\V.biodiesel.com 

Patriot Biodiesel w·w·w.patriotbiodiesel com 

Piedmont Biofuels Industrial www.b•ofuelo.coop 

Pinnacle Biofuels www.pmnaolobiofuei$.COm 

Pleasant Valf.Gy B iofuels 
www.pleasantvalleyb•ofuels.co 
m 

Producers C hoice Soy Energy wwv1.pcsoyenergy.com 
Promethoon Siofuels 
Cooperative Corporation www.prometheanbioluels.com 

RECO Biodiesel wwv1.recobiodiesel.com 

Renewable Energy Group wwvueQfuel.com 

Rio Valley Bioluols WWVI.riovatlevbiofuels.com 

Sabine Biofuels II WWVI.sabinebiofuels.com 

Sanimax Energy wwv1 sanimax .com 

Scott Petroleum Corporation wwvt,$COUpctrolcuminc.com 

SoQ uenti-31 www.sqbiofuels.~om 

Shenandoah Agricultural 
Products 

Snintan 

Smart Fuels Florida Mvw.smartfuelsllc.com 

Advanced Biofuel Market Report 2013 f:!l ~n 
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City State capacity 

Sedgwick KS 2 

Mulliple 6.8 

Warrenville sc 35 

Anchotage AK 0.3 

New Haven CT 10 

Ft. 
Fl 4 Lauderdale 

Buller KY 1.8 

Erie PA 45 

Guymon OK 30 

Coachella CA 10.5 

Hoquiam WA 100 

Moni$town IN 5 

wastlington lA 35 

Miamisburg OH 5 

Goshen KY 0.1 

Camp Hill PA 60 

Portland ME 0.5 

Bangor Ml 17 

Ct~lgnry AB 5.3 

H ayti MO s 
Sioux City so 
Sanger TX 0.25 

San Diego CA & 

Newport Rl 0.5 

Watsonville CA 0.75 

Gratton NH 0.03 

Mulliple 15 

Greensboro NC 6.9 

Pittsboro NC 3.3 

Crossett AA 10 

Amwican ro 1_5 
Falls 

Moberly MO 5 

Temecula CA 1.5 

Richmond VA 2 

Multiple 225 

Anthony NM 1 

Port Atlhur TX 30 

Deforest 1M 20 

Greenville MS 20 

Solem OR 5.0 

Cle;arbrook VA 0.3 

Pat&l·son NJ 2A 

Fruitland 
FL 3 

Park 

Notes 

4 f;~cilitiot; 

Owned by Pacific Biodiesel 

Owned hy Pacific Biodiesel 

DOD Qrant 2013 

6 raclll~es not omerwise 
captured 

RSB Certified 

5 facilities 

Ownod by P~cific BiodiG$01 
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E2 1 Envtronmental Entrepreneurs 

Appendix C· Biodiesel Producers 
Company Name Website Ci ty State Capacity Notes 

South East Oklahoma Baodlesol Valliant OK 5 

Southeast BioDlesel North sc 5 www.sebd.btZ Charleston 
Southeastern Baodlesel 

www southeastbiofuels.com Creola AL Solutions 1 

Southern Energy Company Shelby•illo TN 0.4 

Southern Enviro Solutaons www sesbiofuels com Garden City GA 0.2 

Soy Energy www .£oyenergyllc.com Mulllpto 32.5 2 faclhltes 

Stepan Company wwv1 slep:lll com M••sdale IL 22 

SuRens Biodlescl Momson TN 2 

Sun Power Blodiesel www Qrowsunpower.com Cumberland 1M 3 

Te>as Green Manufactunng wwv11exasareen.brz L1ttlefield TX 1.3 

Tho La Grange Plant hno:llthelaaranacolantinc.com Lo Gmnge TX 3.5 

The Sun Products Corporation www.&unproductscorp.com Pasadann TX 15 

Thumb BioEnergy www.thumbbloenergy.com Sandusky Ml 0.4 

TMT Biofuels www.tmtbloluels.com Port Leyden NY 0.3 

TPA Inc. http 1/thepowemltemative.com Detroit Ml 17.5 

Tnangle Bioluels Industries www.tnaf1!llebloluels.com W1tson NC 3 

Unated Oil Company WW\Y unatedb lOO.com P1ttsburgh PA iS 

Vanguard Synfuels vanAuardsynlucls.com Pollock LA 12 

Veros Energy \VWW VOfOSSystemS.COm MoundVIfte Al 37 

Vaesel Fuel www.vieselluel.com Stuart Fl 18 

Virg1nla 8iodaesel Ref1nery www virginiabiodlesel.com West Point VA 7 

Walsh Boo Fuels walsh b1olue!.com Mauston 1M 5 

W:tShakie Renewable Energy www.wrob•oluels.com Plymouth UT 10 

Western Dubuque Biodaesel www.wdbiod1esel net For ley lA 36 

Western Iowa Energy wwvv,wKtfucl com W~lll:lkc lA 30 

White Mcumain 810c:hesel 
www.whatemountainbiodiesel. North NH 5.5 
com Ha•erh•ll 

Whole Energy Fuels http:l/whole-eoergy.com Anaco.rtos WA 2 

Yokayo 810fuels WW\V ~baoluels.org Uk~ah CA 0.5 

116 Companies 
1.57 BIUlon 
caoacllv 

E2 has reported the production or blodtesel from non -virg1n oils. and not the full capactty o r multi -feedstock biodiesel facilities a t 1.57 

billion gallons. 

Virgin vegetable oils. such as soybeans and canola oil. are used in many facillttes. mcludlng mult i - feedstock raclillles that use waste 
grease, oils or fats . Today about Y. of biodieseJ production comes from these waste oils. There are 18 facilities In the United States that 
are solely processing soybean oil, those facillttes were not Included In this hst. m line wtth E2's defimtion of advanced. These facilities 
may process multiple feedstocks In the future andbe integrate wasle oil processing. and were therefore mcluded m the lolal number of 

high-end factlities on E2's company count. 

Advanced Biofuel Market Report 2013 ~ fl ~ n f4l = n ~ ::::: n 29 
~ - n ~- n ~ -n ~ - r ~ n C¥JI- n = - •! 

ED_000313_0365_0000281 6 



E2 1 Environmental Entrepreneurs 

A \ppen d' 0 I IX nternat1ona IP roJects 
Company Website Headquarters Plant Locatlon(s) Fuel Type Feftdstock No tee 

Abengoa W>NW.abcngoab1oonorgy.com Spain sa~manca Ethanol Municipal Solid Waste In addition to Ita U.S cottuloslc project in 
Kansas. Abengoo has complotod a 
demonslratiorrurlll in Salamanca. Spau1 

Atgao Tee http·uatgaetec com.aul Australia. US Australro, Sri Lanka, boodiesel, jot fuel algae Produce algal oil and partners w11h refinones to 
Germany. US produce a variety of renewable fuel products. 

Australian/US based compar1y wnh proJects 1n 
Australia. tho US. Srr Lanka. and Gem1ony. Sn 
Lerrka lacrlrty w1ll ovontually produce 31 m1llron 
lltres ol od for brolul!l produclion . 

Amyns , ...... w .amyns.com US. Braz~ Sao Paulo and Us1na Brazil Oiesel: Jet Fuel SugarCane Operates pilot and demonstratiOn loc11111es and 
Is build1ng a commercial scale production 
facrhty 1n San t.tarttno. 811u.l Furthermore. 
Amyris Is partnonng with Tollll to develop on 
allematr~~o av•atoon ret fuulto bo sold •n US. 
Europe;~n and BraJ:il•an market~ 

B<lta Renewable$ W\\W botamnewnblos com Italy Croscentlno. ll<lly Elitanol \MieatStmw B<lta Renown bios Is~ $350 mllhon 101n1 von lure 
between Chen\le> and TPG. The company 
began shopplllg fuellrom Its Croscenhno lacr~ty 
tn June 2013 and Is bu1ldlng afaet,ty in Nonh 
Carol1na, also sa~~erattechnolonv hcon66s 

Borregaard www .borreganrd.com Norway Sarpsborg. Norway Ethanol Woody Boomass Borregaard produces advanced biochemocals, 
biomDtcrials and biooth:lnolthat can rcplaco 
oi~based products Its ethanol plant rn NO/Way 
has~ cap~eny or 17-19 million liters. The 
company works throughout Europe. Asia. and 
Africa. and has several biochemical projects 
ba!><ld In tho United Stntos 

BP Biofuels. W>NW.butnmax.com Wilmington. OE Hull, UK biobutanol sugarcane, Butomax"" Advanced Boofuols will work closely 
Butamax lignocellulosic with Krngston Rewarch L1miled to demonstrate 

production of blobutanol at o technology 
demonstration plant in tho UK. 

Bunge www.bungo com B<lrmuda (HQ In US) Sao Paulo ond Minos G(l(llis, EthMol {'markets Sugar Cane (ethanol): Bunge operates eight &ognrcano mills In Brazil 
Brazil {8 plants) biodlesel) with a combined copaclty of 1,1 million cubic 

meters per year. Bunge also pMicipates in the 
biodiesol industry, nonmolly os o minority 
Investor irr factllhes rn Algenhna, the US and 
Europo 

COFCO/Sinopec China Zhaodong. China ethanol agricultural resrdue 50.000 MTiy&:~r capacity Expected onlone this 
ye;!.l, no recent news Novozymcs as partner 

Clariant hltp'//w.NW clarlant comlmicro/biotechl Germany Munich, Germany, Straubing, ethanol agncultural residua Clariant runs both n pdot and demonstration 
Germany racihty in Germany. and hos on annual capac•tY 

of 1.000 tons of ethanol/year 

Sholl (Raizen http,/lwww sholl .com/global/onviroomont· The Netherlands Sao Paulo Stato. Brazrl olhanol sugarcane Ra~en rs a 10101 venturo between Sholl and 
project) socletylenvrronmenllclimato· changelbioluols- Cosan, a Bra21ban energy comp~ny With 24 

altcmativo.cncrgt<tS- m1lls. it wtll produce 2 bilron lotors a year of 
transponlbiofuelslmozen html sugarcane ethanol, wrth plans to c•pand into 

b iofuels from agricultural reSidue 

Eden.q us Sao Paulo State. Bratrl 91MnOI sugarcane Edeniq has pannered w oth Brazlloan company 
Usina VaJo 10 build a colulosic ethanol 
demonslmhon plant at Us10a Vale's suganm1R. 

Eni http 1/www en1 com Italy Venice, Italy green diesellbiodieo;el waste oots. possibly Eno IS in the process or COOW!rting a tradrhonal 
MSW and algae rohnery to a biorefrne<y.., Venice. m pnrtncrsh1p 

With UOP. The plant w1ll begin producong green 
dlesel 1n 2014 and be luUy opemhOnal by 2015. 
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E2 I Environmental Entrepreneurs 

A 1ppen IX n erna rona d' 0 I t r IP rojec s 
Company Websi te ' Headquarters Plant Loc allon(s) • Fuel Type Feedstock Notes 

Ensyn www.ensyn.com Wilmington, DE Braxot RlP liquidS Biomass Slgnod agreement in Oc tober. 2012 wllh F1brla 
to produce cellulosic biofuel in Brazil. 

GranBio (forme•ly http://www.granbio.conl.br/onl BISZII Alagoas. Brazil Ethonol sugars Using Beta Renewables Proesn technology ot 
GraaiB1o) us Alngoas fac ility. which the company expects 

lobe fully operational in 2.014 GrnnBiohas 
elso partnered with American Process. Inc to 
ulie lis technology "' new laciMies 1n Bm.tll and 
tho United Stales. 

Green B1olog1ca United Kingdom B10bu1anol hgnocellulosoc b10mass In addition to 11a paotlacifi ty 1n Columbus, OH. 
Green 81olog1cs has establlshed oll1ces 1n lndo3, 
China, and Bmlil, and is exploring commercial 
opportunitiOS in these counlnes. 

lnbicon/DONG www.inbicon.com Denmark Kalundborg , Denmark Ethanol Wheat Straw Currently opemles a largo scale p1lot plant in 
Denmmk It has formed several strateg1c 
pannorshlps to develop new projects in 
Denmark, China. and North America. 

L~n7nToch wv.-w.lanzateeh.co,n7 us Chin~ (Bejmg and Shanghao) Et11onol Flue gas In nddltion to Its u.s. project on Soperton. GA. 
Lanzo Tech has two commercial facilities in 
China using nue gas. 

Naturally hllp:l/lw.w naturally-sc1entihc com United Kingdom Nottingham, UK renewable 011s Sugars Looking at eastern United States locotlons tor 
Scocnt1IIC first commercial p<ojecl. 1S.yearagreement 

woth Sweetwater to proVIde sugars 
Neste Oil hnpJ/www.ncsteo~ com F01land Slllgopoce: Netherlands: rcnowoblo diesel, J01 vegetable oKs. wasto Ronowablo diesel rclinencs In S>ngapore. the 

FMIII)nd fuel residues NcthCilands, and Finland Importing to U S. 
Entered 1nto on offtake agreement "' Cnklom1n 
W11h Ccllana. 

Petrobrns www.pellobrns com brlon Brazd Candeias (state or Bahia). Elhi111ol, 61odiosel Multi Feedstock Potrobras has three b>odiesol plants W1 Braz.ll 
Oui~ada (state ol Ceara~ and biodiesel): Sugar cane woth to tnt production capacity of t70.000 cubic 
Montes Claros (state or (ethanol) motors por year. Also activo in tho ethanol 
Minas Gemis) marl<ct and aoms to export 4.2 million cuboc 

motors ol ethonot in 20 t3. 
Pro] lndusirlos www.praj.net India India, Malawi, Thailand, Biodlesol, Ethanol Sugarcane Proj Is developed a demonstration plant for 

Louos.ana , US, EJ Salvador, Quice/molasses). beet, advnnced ethanol in India w1th a planned 
Sn lanka gra1ns (wheal. com. annual capacity or 10 million liters nnnu::41y 

sorghum, broken nco. 
and tnhcale), tuber5llke 
cassava 

Solazyrne Bunge hltp://solaz.yme.com Cali forma Moema. Bratll Ethanol Sugarcane tOO,OOO MTtyear by end or 20t3, 300,000 MT 
by end of 2016 Co-locnted with Bongo 
SUQarc.ane moll. and St20M loan from BNDES 

Soleno http://www.solenafuels.com INash•ngton. DC UK, Germany. Australia 1et fuel. b10d1esel MSW. agnculluml Solana has partnerships with Bnhsh Anways, 
residue. woody lufth:>n$3, and Qantos. Including oHtake 
b1omass agreements- Budding a 16 MG focll1ty m 

England 

Slotoil www.statoil.com/enl Norway Moslllla. lithuania Blodioscl Rapeseed, cereals. Mestlila plant: annual capacity of 100,000 
sugar cane, algae toMes, Ethanol at 1300 stations in six oountues 
(R&D) - Norway. Sweden. Denmark , Lithuania, Latvia 

and Poland, 
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E2 1 Environmental Entrepreneurs 

Appendix E: Feedstock Providers 
Company Website 

Agrisoma http://agrisoma.com 

Algae.Tec www.algaetec.com 

AlgaeVenture Systems http:/lalgaevs.com 

Aquatic Energy www.aquaticenergy.com 

ArborGen www.arborgen.com 

A.Jcadia Biosciences http://www.arcadiabio.com 

Arvens Technology. a 
hllp://arvenstech.com 

Pennycress Energy Co. 

Aurora Algao www.auroraalgae.com 

BARD www.bardholding.com 

BioProcess Algae http://www.bioprocessalgae.com 

Bunge http://bunge.com 

Cellana www.cellana.com 

Ceres www.ceres.net 

Chromatin httpJ/www.chromatininc.com 

Comet Biorefining www.cometbiorefining.com 

Enova Energy Group www.enovaenergygroup.com 

En viva www .envivabiomass.com 

Florida Crystals Corp www.floridacrystals.com 

Global Clean Energy 
hllp:t/www.gceholdings.com Holdings 

Kent Bioenergy http://www.kentbioenergy.com 

Matrix Genetics www.matrixgenelics.com 

Mendota Advanced 
Bioenergy Beet 
Cooperative 

Naturally Scientific http://www.naturally-
scientilic,com 

NexSteppe www.nexsteppe.com 

PncificAg (formerty 
www.pacifocpowerstock.com Pacific Powerstock) 

Para bel www.parabel.com 

Proterro www.proterro.com 

Purevision Technology http://www.purevislontechnology. 
com 

Renewed World 
www.rwenergies.com Energies 

Renmatix http://renmatix.com 

SG Biofuels www.sgbiofuels.com 

Solix www .solixbiofuels.com 

SunEco Energy http://sunecoenergy.com 

Sweetwater Energy WVIW.sweetwater.us 

TerViva http://www.terviva.com 

Virdia http://virdia.com 

Xylowatt http://www.xylowatt .com 

Yu~x Corporation http://www. yulex .com 
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City 

Ottawa 

Atlanta 

Marysville 

l.<lke Charles 

Ridgeville 

Davis 

Peorta 

Hayward 

Morrisville 

Portsmouth 

saint Louis 

san Diego 

Thousand 
Oaks 

Chicago 

London 

Atlanta 

Bethesda 

West Palm 
Beach 

Long Beach 

san Diego 

Seattle 

Fresno 

Nottingham 

South san 
Francisco 

Boardman 

Melbourne 

Ewing 

Fort Lupton 

Georgetown 

Kennesaw 

Encinitas 

Fort Collins 

Chino 

Rochester 

Oakland 

Redwood 
City 

Phoenix 

State 

Ontario 

Georgia 

Ohio 

Louisiana 

South Carolina 

CA 

Illinois 

California 

Pennsylvania 

Rhode Island 

Missoun 

California 

California 

lllino1s 

Ontario 

Georgia 

Maryland 

Florida 

CA 

California 

WA 

California 

United 
Kingdom 

California 

Oregon 

Rorida 

New Jersey 

co 

South Carolina 

Georgia 

California 

Colorado 

California 

New York 

Cafifomia 

Cali fom1a 

Belgium 

AZ. 

Note ,, ... .. .. 

carinata 

algae producer 

Algae producer 

Algae producer 

Tree seedling provider 

Eucalyptus and poplar !rOO$ using ni trogen use 
efticiency and water use efficiency technologies. 

pennycress seeds as a feedstock 

Algao producer 

Algae producer 

Algae broreactors and production. Colocated five acre 
facility at Green Plarns ethanol plant in Iowa . 

Sugar production. Also makes ethanol rn Brazil. 

Algae producer. Signed offtake agreement to provrde 
algal oil to Neste in June 20 13 

Several energy crops 

Sorghum development and production 

Wood pellets to Europe from GA mill. Projected online 
2014. 
wood pellets. faciijties in several states, exports to 
Europe. 

Camelina and jatropha producer. RSB Certified. 
Acquired Sustainable Oils in 2013. 

Algae producer 

algae producer 

Sugar beets 

Sugar and PliO production 

Sorghum and switchgrass production 

biomass- energy harvest pellets 

Siocrude 

Sucrose production and pholobiorcactor system 

sugar and lignin from non-food biomass 

Algae producer 

Sugar production from biomass 

jatropha 

Algae production and extraction 

Biocrude and SVO 

Sugar from non-food sources 

renewable tree oil 

Working with Virent on aviation fuels pro)8ct & plans for 
MS commercial facility. 

Syngas 

Syngas from guayule 

~ en 
f:!l c n 
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E2 I Enwonmental Entrepreneurs 

A :>pen d' FE IX nzyme an 
Company Website City 

Agn'Vida www ogrivida.com Cambridge 

AlbemarlO hllp llwww.alben\3rlo.com Baton Rouge 

Codexls www.codexis.com Redwood City 

CRI Cawlyst Co hllp ((www crieataly&t comlc:~talystsircnew::.bles.ht Houston 
ml 

DuPont & Goncncor hup·/Jbiosciences.dupont.com Wilmington 

Dyadoc www dyodlc.com Jupoter 

Kiverdo hllp /lwww.kivcrdl.com Borkoloy 

Metaboh• www metabolix com Com bridge 

Microv1 \VWW.mlcrov-tcoln Hayward 

Nex!CAT \VWW nextcatinc.com Detroit 

Novozyrnet. www novozymes.com Daves 

Verenium www.vcrenium.com Son Diego 

VeruTEK http /lwww.verutok com Bloomfield 

Advanced Biofuel Market Report 2013 f:!l ,_~ 11 

d Ch em1ca IP rov1 ers 
State Type 

Massachusetts Enzymes 

Loulsi:ma Call!lysts 

C alifornia Enzymes/Chomicols 

TX catalysts 

Delaware EnzymesiChomicols 

Floroda Enzymes 

CA Chemicals and catalysts 

Massachusetts Chemical$ 

CA Enzymes and catalysts 

Michigan Cololysts 

Cakfomia Enzymes 

Colifomia Enzymes 

CT Chemical$ 

Note 

INzymo"' 
technology 

oequired Cabhn 111 
2011 

Cellulase enzymes 

IH2 technology 

Seeds. Fermasuro, 
Enzymes 

Gonornoe research 
and enzymes 

Fuel additives 

Performance 
oddrtives 

for blodies<!l 
productoon 
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E2 1 Environmental Entrepreneurs 

Appendix G: Related Technologies 
Company Website Type City State Partners hips 

Agradis http"l/www agrados com Plarll gonomu:s La Jolla Calolomia Synthotic Gonomlcs 

Agncoma ht tp:J/agtt&oma.~om plant genomu;s Ott own Ontono 
B1ostiences 

Algenetix www.algenelix.com Plant genomocs San Ooogo CA 

Ansdyne h11p //www.ansdyne com Equ1pmen1 and Cleveland Ohoo 
Systems TecMOiogy 

Avalo hnp·JJwww l'lvalbbioonOtgy eom Foed51oct 6<>0<10 lo-1.':1 V.ren1 8otreg:t3rd 

con'lers•on Caogill 
senetuel hltp'//\1/WW.D&nOiuOI Ml Technology IJ\IIng Texos Kocn ll'ldustroes, 

Sud Cnomro 

Biocee h l lP' //biocee.com Equipment ond MlnneapoUs L1ini1QSOt.1 Verenium 
Technology 

B1odico hnp //www.biodiOsekndustnes.co Equopmont Santa Baobar.J Calotoonoa Navy 
m 

5fem1star nnp·flwww.blendslaltlc.com OtstnbuHon Oman a Nebraska 

Carbo hllp;//www.carboonOlytics.com Sugur analytocs Fort Collins Colorado 
Analystrcs 

Chenuex hup:/IY.ww.chemt OJC com Tochoology W~m1ngton North COfCO,Beta 
Ca1ohn:~ Flonewablos . 

Codoxis 

Dog pate~ http://www.dogpatchbooluels co Otstnbullon & San Francosco Cahfomln 
6iofuots m MOr1<0110Q 

E-FueJ http·l/www.microfueler com Equipment Los Gatos C3blomoa 
Corporation 

Eco-Eneogy h ttp //www.eco~eogytnc com OJSU tbullon & F1anklon Tennessee 
Mari<eung 

Fluor http //www.1uor com Engmecring & Irving Tex3S 
constructiOn 

Foster hllp.I/WNw.twc.com Engineering & Houston Texas 
1'1/h&eler consuvetlon 

ICI.I hUp·/1\VWW.tc;mt~ com ToohnoiQGy. eoc.vich Kansas Abengoa StOOI"'Ifgy 
equopmcnl and 
consuuct10n 

Imperative h tlp:l/www.•mpemt•I;'()QhGrgy.ie Eqv•pmont 
Ene<gy Ltd 

lnlrexon hllp ll•vww.dna com/Markets/En Microbe !lost on Massachuse 
crgy engmocnng tiS 

tnventure hll p /Ntww onventuoecnem com Techoofogy Tuscaloosa Alaboma G«oerat Atomocs, 
UOP Honoywoll, SG 
Biofuels 

KBR hn p://WNw .kbr.com Englnoonng 8 Houston Texas 
constl\ocllon 

la~emand hup·//www.ethanoltech.com Yeasts Milwaukee WISConsin Mascoma 

l1t1de Group hllp //www.the-linde-group com Technology ~1unich Germany Sapphire 

Mendel h ttp.Jtwww.mendolbto .com Plant gonomlcs Hayward cat11amla DuPont, Bayer 
81olechnolog1. CropScienco 
Inc 
Methes http·/fwww mothos com/poocluct Equ1pmen1 LasVogas Nevada 
Energoes BPhtmt -
!AicroBio h ttp://www.microbloonglneering . Eng1nooring & San Lu1s Caf1fomlo 
Engineenng com tech development Obispo 

Ne.xterra http //www.nexterra .co Gasificallcn V~ncouvor Britis11 GE. USC. ORNl 
T oc hnoloogy Columboa 

OpenAlgae www.openalgae.com Technology Au sun Texas 

Advanced Biofuel Markel Report 2013 f:l1 : 11 
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Note 

Son;hum and castor g<melics Mon'<!ntO 
purchasad selected """"'• Feb 20tl 

Bmsstcs c;onnata reooarch Agricultural 
yield om provoment technology 

Bioengoneerlng toedstocks 

Hydrodynamoc cavllation 

Pyrolysi< C<!par.~oon technology 

catalytiC poocess 

Bioealalyllc reocror 

ConsuuchonloperatiOO booreroneroes us 
Naval 6a$8, Ventura County 

Ran8\vable fuel ttummals 

SBIR grant lron1 DOE with CEM 

Brornass proccsSing technology. 
Convef$Mln of eom AlhanoJ tac:.d1t.es to 
cellulose 

San Francosco fueling center 

M1cro-ethanol production equipment 

Ethanol dostubuuon. located throughout 
corn belt 

Performs engineering services lor multiple 
bioluel custon1ers. such as J oule Md LS9, 

Equipment oneS toch used 1n tho ma,or.ly 
of ethanol fecllolics 

Biomass boi'er S)&tam a nd ruef h:~ndllng 
equipment 

S·l filed Engineering metabole pathways 

Direct E.o.lraebon Technology: Unov 
Alabama 

Oilers technology development. plant 
scale-up. Engineering. procurement. 
construction. oporatio~. and mar11cnance 
sc.rvie.es for Reno-Nabla and Btomas.s 
based fncl•hes 
Yeast and b:ICIDIIa supplier 

Gas and engineering group. Providtng 
gases etnd hydrohualing capacily 

Planl gone rogutntory nelworks 

Biodesot proc.0$5lng un1ts 

Engoneering sorvieos and technology 
development In mocroalgae productoon 

Biomass gasification Oak Ridge N~llonnl 
lab planl taclity 

Mob1le algae extrac110n unot 
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E2 1 Environmental Entrepreneurs 

Appendix G· Related Technologies 
Company Web•lte 'TYpe City State Partnerships 

Orbltok htc p://www orbitokinc.com Engmooring & Tulsa Oklahoma 
Equ1pment 

Propel Fuels hllp;/lpropelfuels corn Oistnbullon Redwood Cttv Cabfomia 

ProTec Fuel hllpJ/www.protecfuel com Orstrrbutoon Boca Raton Florida 
Management 
SkyNRG http·//skynrg.com Demnnd Amsterdam Netherlands 

3SISIIG!l3110n 
Sylvatex http://sylvatex com Addotove San Froncosco CA 

SynGest hnp·/Jwww.syngest.com Additive San FrMclsco Calitornia 

Synthtltle hllp:/lwww.syntheticgenomics c Plant genomlcs San Diego California ExxonMobfl 
Gonom,cs om 

Tenaska http://www tenasKa.com Equipment& Omaha Nebmska 
Encrqy Morkchnq 
Tetra Tech hnpl/www.totratech.com Engoneenng & Pasadena CA 

tech development 
TheomoChem http://I'IWW.tn-rnc net Gasoficat lon Baltln>Orll Maryland 
Recovery Technology 
Internat ional 
(TRI) 
Velocys http //www velocys.com Technology Plato Coty Ohio SoleM Fools 

Vcrdczyne http f/www .vcrdezyne.com Tochnotogy Carlsbad Calofomia Lattemand 
licensor 

Zareo 66 http://www zar<:o66.com Orstrlbutlon & Lawrence KS 
Marketing 

ZeaKal htlp'l/www zoakal.com plant genomics San D~eoo Callforma 

Advanced Biofuel Market Report 2013 ~ - 11 
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Note 

Consulting oorvicos for biodio<X~I facilitios 

Leases. owns and operates biofuel 
stallOns on Wost Coast 
Ethanol marketr1g and distnbution 

RSB eertofiod 

Add1hve to ethanol or diesel 

Urea production as a fuel addilive 

Exxon's ma1n blofuel investment. 
Mon~nto made eqwty rnvestment 

Natur.ll gn~ fueled generation plants and 
booluel marketonq • di&nbution 

Ftschur-Trop~h and gas-lo-liqutd 
technology l•conses 

Enzyma~c hydrolySis technology. yeast 
and mlcrOOfganosm development Also 
ptoducong ehomoeals. 

Seven b1otuel gas stations across Kansas 

Booengonl)8nng feedstocks 

~ - 11 f:!l ,.., 11 f:!i = 11 
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E2 I Enwonmental Entrepreneurs 

Appendix H: Public Investments 
Company Date 

Abengoa Bioenorgy 81191201 1 

Algenol Biofuels 11 11812010 

Algenol Biofuels 12/4/2009 

Amencan Process 08/20 11 

American Process 0112010 

Archer Danrels Mod land 0612010 

Avolio 11/20t0 

Bentley Biofuels 511512013 

S.oCee 1012612009 

Biodico 4/1112012 

BioProcess Algae J /2-112013 

BlueFrre Renewables 0112010 

Busler Brofuels 3120/2013 

Carbo Analytics 

Cellana 5/6/2011 

Chemtex 8123120 12 

Cobalt &API 8/31201 1 

Cobalt& API 412212013 

Eden"! 6 11412012 

Edcniq & Logos 12/4/2009 
T echnologres 
Emerald Biofuels 512812013 

Enerl<em 1212009 

Enerl<em 12/2010 

Fiberrghl 0112010 

Fiberighl 1/1612012 

Fulc rum 8/ 13/2012 

Fulcrum Bioenergy 5/2812013 

Genem1 Atom1cs 61131201 I 

Haldor T opsoe 

INEOs 111812012 

INEOs New Planet 811912011 
BloEnergy 
KrOR 8130/2010 

Lanza Tech 612212011 

Lanza Tech 12/2120 11 

Lanza Tech 813112011 

Lanza Tech 1111912010 

LS9 511412012 

LS9 7118/2011 

Mendota Advanced 11/2010 
Broenergv 
Mercurius Boofuefs 4/22/2013 

Natures BioreseN&s 512812013 

NoxtCAT 812912011 

Oberon 6nt2013 

OPX Biotechnologres 813012010 

Pennycress Energy 9130120 10 
Company 
Ponnycross Energy 10/24/2011 
Company 
Phycal 712312010 

Advanced B1ofuel Market Report 2013 ~ _ 11 
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Amount Investment '1\'pe 

s 133.900.000 Loan Guomnloe 

510,000.000 Gronl 

$25,000.000 Grout 

54,000,000 Gmn1 

5 18.000.000 Grant 

524,800,000 Graul 

52.500.000 Grant 

$17.362 Gronl 

52.200.000 Grant 

52,000,000 Groot 

56,400,000 Grant 

588.000,000 Grnnt 

52.641 ,723 Graul 

5150.000 Groot 

55,521.173 Gmnl 

599,000.000 Loan Guamntee 

518,000,000 Grant 

52,500.000 Grant 

$3,900.000 Grant 

520,400,000 Grant 

55,650,000 Gmnt 

$50,000,000 Gran I 

580.000.000 loan Guamntoo 

52,500,000 Grant 

525,000,000 loan Guarau tee 

S I 05.000.000 Loan Guarantoe 

54.700.000 Grant 

S2,000,000 Grnnt 

525,000.000 Grant 

550,000.000 Gmnt 

$75.000.000 Loan Guarontee 

s 75,000,000 Sl!Uctured Debt 

$500.000 Grant 

53.000.000 Grant 

54,000,000 Granl 

$500,000 Project Fonnnco 

54.500,000 Growth Equrly 

$9,000,000 Grant 

$1 ,500.000 Grant 

$4,600.000 Grant 

$5,650,000 Grant 

5500.000 Grant 

5500.000 Grant 

56.000,000 Grant 

Grnnl 

Grant 

524.243.509 Grant 

ln~stors 

DOE 

lee County Soulhwosl Aoricfo 

DOE 

Michigan Center of Energy Excellence 

DOE 

DOE 

DOE 

USDA 

DOE 

Cabfomia Enetgy Commission 

DOE 

DOE 

California Energy Commrssror1 

USDA 

USDA 

DOE 

DOE 

Calrfomia Energy Commrsslon 

DOE 

DoD 

USDA 

DOE 

Iowa Power Fund 

USDA 

USDA 

DoD 

DOE 

DOE 

DOE 

USDA 

Stale ol Mrssissrppl 

DARPA 

Federal Aviation Administration 

DOE 

DOE 

A orida Opportunity Fund 

DOE 

Cahfomia Energy Commtsslon 

DOE 

DoD 

National Scrence Foundation 

San Joaquin Valley A~ Pollution Control Dtstrrcl 

DOE 

USDA 

USDA 

DOE 

~ - 11 ~ = 11 
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E2 1 Enwonmental Entrepreneurs 

Appendix H: Public Investments 
Company Date Amount 

Propel Fuels 5/ 112012 $10.100.000 

Red Rock Biofucl~ 6121/2013 54,100.000 

REI I 

Sapphire Energy 1213 112009 550,000,000 

Sapphire Energy I 1/9/201 I $135.000.000 

Sapphire Energy 12nl2009 $54,500,000 

Sapphire Energy 8/ 1/2013 55,000,000 

Sierra Ene<gy 6/ 1412012 $5.000.000 

Solazyme 1212009 $22.000.000.00 

So lazy me 8/4/2009 52.300,000 

UOP 12/2/2011 51.100.000 

UOP 3/312010 $1 ,500.000 

Virenl 1212007 52.000,000 

Vi rent 7/1/2013 54,000,000 

Virent Energy Systems 12/2/2011 $1 ,500,000 

Virent Energy Systems 6/1312011 $13.400,000 

Virem Energy Systems 8/3112011 54.000,000 

Yokayo Biofuels 2012 51.970.000 

ZeaChem 2f24/2012 512.000.000 

ZeaChem 511J/20t0 525,000.000 

ZeaChem 1/2612012 5232,500,000 

ZeaChem 1011812012 54.600.000 

$604,943,797 

$939,900,000 

DOE total 
USDA total 
Other total 

Advanced Biofuel Market Report 2013 ~ - 11 
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tnvKtment Type investors 

Gran! Cahfornia Enorgy Commossoon 

Grant DoD 

DOE 

Grant DOE 

Loan Guar.ontco USDA 

Loan Guarantee USDA 

Grano DOE 

Gr.ont California Energy Commission 

Grant DOE 

Gr;ont Cabfomoa Enetgy Comnllssoon 

Gront Federal Aviation Admomstrouon 

Grant DOE 

Grant USDA 

Grnnt DOE 

Gront Federal Aviation Administrahon 

Grant DOE 

Grant DOE 

Grant Cahfornoa Energy CommiSSion 

Gr.ont Natoonal lnstltute of Food and Agttcullure 

Grant DOE 

Loan Guarantee USDA 

Grant California Energy Commission 

Gl'lllntt 

Loan Guarantees 

$671.943,509 
$783,538.535 
$169,361.723 

~ - 11 ~= 11 
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